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Abstract  

This study centres on alterations in blue and red paints in works by Edvard Munch (1863–

1944). Two paintings in the collection of the Munch Museum were selected for detailed 

analysis. Both date to the painter’s so-called Warnemünde period (1907‒1908). This research 

required interdisciplinary collaboration and instrumental analyses, undertaken both in-house 

and in external specialist laboratories.  

 

A study of historical paint manufacture and tube paints employed by Munch and his 

contemporaries was a pre-condition for understanding the analytical results gained from a 

variety of techniques. These included digital and optical microscopy (HIROX RH-2000) 

(OM) portable X-ray Fluorescence spectroscopy (pXRF), Scanning Electron Microscopy 

coupled with Energy Dispersive X-ray spectroscopy (SEM-EDX), μ-Fourier Transform 

Infrared spectroscopy (μ-FTIR) and Pyrolysis Gas Chromatography Mass spectrometry (Py-

GC/MS). Overall, the aim was to characterise alterations that are visible with the naked eye 

on the painted surfaces, such as uneven darkening, poor adhesion and pronounced cracks. 

Together, the results from examinations of paintings, studio materials and analytical data 

from micro-samples of paint aimed to provide a better understanding of the aging/condition 

of Munch’s paintings. This in turn allows conservators to understand more clearly the 

advanced state of deterioration connected to specific phenomena in specific paints. This study 

has also laid a foundation for further research into early-modern paints, especially those used 

by turn-of-the-twentieth-century European painters. 
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”The project I have in mind is one that will shape itself as it proceeds, and is essentially 

elastic.”  

 

Robert Frank (Dyer 2005) 

 



 3 

Acknowledgements 

 

When I entered the world of conservation, little did I know how profoundly intricate, 

interesting and rich this would turn out to be for me. In that sense I find myself very lucky. 

Starting out as a student of history of art, I was unaware that I would adhere to my mother’s 

advice from early on: if I were to find both an academic discipline in addition to a manual 

craft I could take care of myself anywhere. In conservation I found a merging of these things, 

the intellectual, analytical and a practical approach in one. This joyous fact has also proven to 

be a challenging aspect as well. I have retained insecurities about what I as a conservator 

bring to the table, either when meeting expectations of others or my own. This position stems 

in part from the requirement that conservators must bring together several separate specialist 

fields, which was something my supervisor brought up at the beginning of this master’s 

programme. This topic has demanded time for reflection and an acknowledgement of one’s 

own limitations, but also strengths. This has resulted in a confidence and determination to 

finish the dissertation and generally has inspired my daily work at the Munch Museum. This 

has been an invaluable process, for which I am thankful.  

 

There are many who deserve mentioning, and the deepest thanks. First and foremost my 

supervisor Noëlle L.W. Streeton. As quoted from photographer Robert Frank, the elasticity in 

my approach has been also kept in check by her. She has during this whole process held the 

structure and goal firmly in place in front of me, and engaged in and encouraged fruitful 

discussions through to the finishing line. 

 

Since this a project-based master’s programme, it has been undertaken on a part-time basis, 

while continuing to work as a paintings conservator at the Munch Museum. This dissertation 

has been developed and written during the last four years, which naturally has caused the 

project to be navigated in different directions over this period of time. During these years, 

many people have been involved. I am indebted to them, and deeply thankful for their 

participation and support. 

 

 

 



 4 

Munch Museum’s conservation scientist, Irina Sandu, together with conservation science 

interns Alyssa Hull and Andrea Cassini have aided the organisation and performance of 

analyses undertaken for this study. 

 

I am grateful to:  

Lasse Jacobsen and Inger Engan, at the Munch Museum library, who were always ready to 

answer and are ceaselessly helpful. 

Halvor Bjørnegård and Ove Kvavik, Munch Museum photographers. 

Emilien Leonhardt, Hirox. 

Nahum Carcasso, FERMiO, department of Chemistry, University of Oslo. 

Camelia N. Borca, Paul Scherrer Institute, Swiss Light Source, Villigen. 

Ana Margarida Cardoso, Hercules, Évora University. 

Joy Mazurek, Getty Conservation Institute (GCI). 

 

I am also grateful to the Munch Museum for allowing me time to finish the project, especially 

in the last couple of months, in a particularly hectic period of the museum’s history. I am 

thankful to former and present colleagues in the Munch Museum, in particular, conservator 

colleagues, Eva Storevik Tveit, Erika Gohde Sandbakken, Inger Grimstad, Lina W. Flogstad, 

Mie Mustad, Linn Solheim, Charlotte Stahmann, Gry Landro, Magdalena Godzimirska, 

Emma Chan, Mette Havrevold and Pedro Gaspar. 

 

I must single out my former colleague at the Munch Museum, paintings conservator Terje 

Syversen, whom I have collaborated with in several other projects, and Matt Games, who 

were both so very kind to proofread large parts of the text.  

 

Last, but not least, I am grateful to my mother, family and friends, whom all have contributed 

big and small. Most of all, Jakob and Matt Games, who have supported and encouraged me 

when I needed it.  

 

 

 

  



 5 

1 Introduction  
 

1.1 Background 

 

The primary phenomena in focus for this study are colour changes that can be observed on 

the surfaces of paintings in the collection of the Munch Museum in Oslo. Preliminary 

investigations, which began during routine conservation work, concentrated on irregular 

colour changes in blue and red painted passages, which appear frequently in Edvard Munch’s 

paintings. For the purpose of this study, two works from the period 1907−1908 have been 

studied in depth: Old Man in Warnemünde (MM.491/Woll M 755) and The Drowned Boy 

(MM.559/Woll M 759). These two paintings were chosen because they have paints 

generously applied that are representative of specific deterioration phenomena that are 

recurrent in blue and red paints in at least 20 works by Munch in the Munch Museum 

collection.  

 

The aim of this study was to characterise and interpret these altered paints. This has been 

achieved firstly by contextualizing observable phenomena with historical and contemporary 

publications on colour production, which mention possible problematic components, such as 

driers and additives. Secondly, colour changes and alterations have been interpreted in light 

of ongoing studies of Munch’s paint tubes, which are shedding light on the behaviour of 

materials used by Edvard Munch and his contemporaries. Thirdly, the analytical results that 

are specific to Old Man in Warnemünde and The Drowned Boy are presented, as a means to 

understand them, and to elucidate the advanced state of deterioration often seen within other 

paintings from Munch’s oeuvre. These results furthermore form a foundation for future 

research devoted to understanding long-term consequences for museums and others tasked 

with preserving the visual and physical integrity of objects with problematic formulations of 

early modern paints.  
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Figure 1 Edvard Munch Self-portrait at 53 Am Strom in Warnemünde (1907). Gelatin silver contact print. 

(© Munch Museum) 

 

1.1.1 Edvard Munch and Warnemünde (1907–1908) 

Edvard Munch’s first journey to Antwerp and Paris when he was 22, in 1885, was the 

beginning of several years of extensive travelling and also longer settlements outside his 

native Norway. In 1907 Munch lived in the seaside village of Warnemünde in Germany. The 

two paintings selected for this study were created during his time there.  

There is extensive art historical literature on the paintings Munch produced during this 

period. These so-called Warnemünde paintings have been highlighted as significant in the 

artist’s stylistic experimentation. Munch was very productive. In total there are 79 paintings 
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in Edvard Munch’s Catalogue Raisonné that are attributed to the period between 1907−1908. 

Of these, 57 are in the Munch Museum’s collection (Woll 2008, 744-801). 

 

Certain themes and the variations on a motif are a characteristic feature of Edvard Munch’s 

oeuvre. For example, seaside and nude sunbathing were recurrent themes in works from his 

Warnemünde period. These paintings have been seen as the artist’s response to the currents 

of neo-vitalism, popular in Europe in the early-twentieth century. Possibly more well-known 

however, are the dramatic motifs centred on the relationship between man and woman, e.g. 

the The Green room series (Eggum 1999, 38-39, Endresen 2013). Munch also produced 

many smaller-sized canvas paintings with landscape and people while he was in 

Warnemünde. The people featured in paintings of street scenes are often workers. Both the 

sunbathing nude and the worker are central motifs that were revisited and developed further 

in Munch’s later paintings. The figure of the labourer is considered to have originated in 

Munch’s works while he lived in Warnemünde (Woll 1999, 120). 

 

Munch and photography 

In Berlin in 1902 Munch purchased a Kodak Bull’s Eye camera. His interest in the medium 

grew and he remained a keen amateur photographer throughout his life. Several of Munch’s 

photographs from 1907–1908 show an exploration of the possibilities of image layering, by 

long exposure or double exposure. Figure 1 is an example of playing with long exposure 

times. Munch’s photographer’s eye is also evident in the two paintings selected for 

investigation, Old Man in Warnemünde and The Drowned Boy (Figs. 2 and 3). The latter 

work has been discussed in detail by art historian Dieter Bucchart (2003). Bucchart addressed 

the relationship between Munch’s photographs and paintings. The Drowned Boy serves as a 

case in point of how Munch drew from his experimentation with the camera. The ghost-like 

rendering of the dog and horse in the foreground is seen as an example of how Munch 

translated and transmitted imagery from photography onto his paintings. Recent exhibitions 

have centred on this facet of Munch’s art, such as The Modern Eye in 2012, and the The 

Experimental Self: Edvard Munch’s Photography in 2018, which was an exhibition devoted 

to his photographs.  
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Figure 2 Edvard Munch Old Man in Warnemünde (1907). Oil on canvas 110 x 85 cm. (MM.491/Woll M 

755). Photo credits: Munch Museum/Ove Kvavik, 2015. 
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Figure 3 Edvard Munch, The Drowned Boy (1907–1908). Oil on canvas. 85, 5 cm x 130,5 cm. 

(MM.559/Woll M 759). Photo credits: Munch Museum/Sidsel de Jong, 1998. 

 

Munch’s paint 

The Warnemünde works stand apart from Munch’s oeuvre with regard to the application of 

paint. There is a tendency towards a heavy, loaded paintbrush, creating impasto and high 

relief on the surface, as well as clearly defined brush-marks. Moreover, the paint appears to 

have been squeezed directly out of the paint tube (Eggum 1999, 26, Bucchart 2003). As such, 

they differ from Munch’s earlier and later paintings where the artist applied the oil paint in a 

diluted and fluid, nearly watery consistency.  

 

Other works from this period are distinctive for the pronounced hatching technique, where 

the paint was applied in long horizontal brushstrokes e.g. Cupid and Psyche (1907), The 

Death of Marat II (1907) and Consolation (1907). Later Munch would describe this stylistic 

experimentation as “pre-Cubistic” (Eggum 1999, 35). Furthermore, Munch used a bright 

colour palette, representative of the variety and range of modern pigments that had become 

available to artists in the nineteenth century. 
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The invention of collapsible metal tubes and machine grinding also had a distinct impact on 

the synthesis of pigments, which painter and conservator Ralph Mayer, among others, has 

presented as a necessity for the development of the techniques by the impressionist and post-

impressionist painters (Callen 2000, 98, Mayer 1991, 195). Similar arguments might be 

applied to Munch’s Warnemünde paintings, particularly in relation to Munch’s use of thickly 

applied paint and the distinctly defined brush marks typical of many of the paintings from 

this period. This kind of definition and impasto required paint with a high degree of body and 

viscosity, which could be obtained by adding wax and/or other extenders and fillers. Munch’s 

painting materials, paint manufacturing and typical additives of this period will be discussed 

in more detail in chapter 2.  

 

1.2 Objectives and research questions 

The primary aim of this project has been to examine irregular colour alterations that are 

visible on the surface in monochrome paint layers, and even within single brush strokes, in 

paintings by Edvard Munch.  

 

The study follows two lines of inquiry to investigate the possible causes of deterioration. 

First, research in the literature on historical paint manufacturing, and specifically on paint 

formulations, forms a backdrop for this study. The second line of inquiry comprises the study 

of primary and archival sources. These include the two paintings, Old Man in in 

Warnemünde and The Drowned Boy, and a selection of Munch’s paint tubes. Paint samples 

from Munch’s works and the paint tubes were analysed, to characterise the components in the 

paints. Furthermore, considerations for treatment history have been taken in account. 

 

The main research questions can be summarised as follows: 

 

i. What is the nature of the irregular colour variations in certain paints in Edvard 

Munch’s works?  

ii. Are there comparative deterioration phenomena in similar works of art by 

artists’ contemporary to Munch? 
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Research on deterioration of paint materials lies firmly in the centre of interdisciplinary 

collaboration. The study of deterioration phenomena required semi-destructive and 

destructive analyses of a small number of micro-samples from the two Munch Museum 

paintings to be able to clarify, if not determine the chemical components present in the paint. 

The project has involved close collaboration between conservators and chemists. The 

majority of this scientific research has been carried out in close association with conservation 

scientists and specialists in in research facilities, with competences in the operation of 

specific analytical techniques and the interpretation of data that they produce. 

 

1.2.1 Dissertation structure 

Following the introduction of chapter 1, chapter 2 provides an overview of paint manufacture 

from the period before and during Edvard Munch’s active years. Focus will be on pigments, 

binding media and paint additives that were typical for the manufacture of ready-made paints 

in tubes. Commonly found additives are gathered alongside historic reports that address 

concerns for the failure of paints, particularly those that are relevant to problems frequently 

observed in Munch’s paintings. 

 

Chapter 3 includes a presentation of archival material and the reference collection from the 

Munch Museum. The reference collection includes Munch’s painting materials from his 

studio at Ekely. This chapter also includes case studies of similar deterioration of (organic) 

red and blue paints that have been identified in works by Munch’s contemporaries. 

 

Instrumental methods adopted for this project are presented in chapter 4, which includes a 

short discussion on advantages and limitations, in order to evaluate the relative merits of 

individual techniques. 

 

Chapter 5 provides a summary of analytical results. The contents of chapters 4 and 5 rely on 

the expertise and collaborations between Munch Museum’s conservation scientist, Irina 

Sandu, and specialists in chemistry and analytical instrumentation in other specialist 

laboratories.  
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Lastly chapter 6 includes an assessment of the analytical results, and a discussion of issues 

that concern processes and paint components, e.g. additives associated with aging phenomena 

observed in early modern oil paints. Finally the conclusions of this research are presented 

together with suggested topics for future research and studies. 
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2 Paint manufacture: cobalt blue, synthetic 

ultramarine, and red lake paints 
 

This chapter engages with selected aspects of paint manufacture around and during the time 

that Edvard Munch was active, particularly early in his career. The main focus is on the 

manufacturing of ready-made paints in collapsible tin tubes that became available to artists 

soon after their invention in 1841 (Ward 2008). A detailed overview of typical materials, and 

additives introduced in the paint are central to this discussion, since these are important for 

the interpretation of probable components in the paint samples extracted from the selected 

paintings. Moreover, there is also a discussion of the processing of drying oils and additives 

introduced during production to alter the properties of the paint.  

 

Improvements of, e.g., the handling properties or acceleration of the drying time of the paints 

soon presented negative consequences. Defects and unanticipated changes that were observed 

in paintings made in the late-nineteenth and twentieth centuries sparked general concerns for 

the durability of artist’s materials. Concurrently with the revival and great interest in the 

craftsmanship of Old Master painters, this led to the proliferation of written sources on 

artists’ materials, compendia, technical handbooks, instruction manuals and the like during 

this period (Carlyle 2001, 257, Effmann 2006, 19).  

 

Unanticipated changes in certain colours may be linked to multiple factors, such as the 

quality and degree of purity of ingredients, the type of binder and the processing methods 

(van Eikema Hommes 2004, Carlyle 2001). Leslie Carlyle compiled historical literature, such 

as instruction manuals for oil painting written for and by artists, handbooks and reference 

manuals and compendia of the arts covering the period 1800–1900 in England (Carlyle 1988, 

54). It is reference manuals, like the one from a leading authority on paint materials at the 

time, George Field, author of Chromatography; A Treatise on Colours and Pigments, and of 

Their Powers in Painting &c (1835), as well as handbooks published by artists’ colourmen, 

which provide useful information on the use and availability of painting materials at the time. 

Carlyle’s exhaustive studies serve as particularly important references in this chapter.  
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An overview of materials included in the paints themselves is a way to consider their purpose 

in the paint formulae, and concerns connected to these components. This overview informs 

interpretations of the technical analyses, and also serves as comparative material for the 

discussion of results. 

 

 

2.1 Paint manufacture 

Paint from this period is categorised as ‘traditional’, in the sense that traditional drying oils 

like linseed, poppy or walnut oils are the main binding media. This period saw the rise of a 

bourgeoning modern paint industry, when new materials available to artists increased 

significantly (Eastaugh et al. 2012, 205). By the late-nineteenth century it was apparent that 

commercially prepared paints were not a simple mixture of oil and pigment (Carlyle 2001, 

154).  

Although it is clear that Munch mixed some of his own paints, which for example is evident 

in the large format Aula sketches (Sandbakken 2014, 85), by and large Munch used ready-

made paint in his paintings. In fact, in a note written by the artist, Munch discussed the 

aforementioned decorations of University of Oslo’s festival hall, the Aula. Munch wrote that 

he used Winsor & Newton paints to make them (MM N 344). Hence, preparation methods 

and particular challenges and problems regarding the manufacture of certain colours provide 

central information for this study. While it is uncertain if Munch was using a particular brand 

in the works of art investigated in this project, issues such as discolouration and/or oil 

separation seem to pose a general problem that is not necessarily linked to location, brand, or 

to the artist.  

 

2.2 Additives and extenders 

After the invention of collapsible metal tubes to store pre-prepared paints, and the subsequent 

availability of these from 1841, additions of different types of materials quickly followed, 

which allowed for manipulations and the tailoring of the paint, according to different needs 

(Izzo et al. 2014, 76). Some additives improved handling properties, while others were added 

as substitutes, extenders and/or fillers. Yet other compounds served the purpose of 
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prolonging the paint in the tubes, or aided permanence, or they fulfilled a combination of 

these.  

 

It had become standard practice to include white pigments (lead and /or zinc white) and/or 

inert materials to certain colours during manufacture. These would often serve economic and 

aesthetic purposes, as an extender and to lighten the tone of the paint and/or change the 

degree of transparency in the paint. An additional function was to modify the paint’s handling 

properties (Hendriks 2011, 141). Extenders are defined as inert materials, either white or 

becomes transparent when mixed in oil (Kirby 2005, 69). Common examples of extender 

materials include chalk, gypsum, starch, silica and barytes, are given in Table 1. 
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Table 1 Commonly used additives in ready-made paints, including their purpose, their chemical 

composition and effects on ageing. 

 

Additive Purpose Chemical characterisation Reported effects upon 

ageing 

Chalk  Extender and substrate for 

lake pigments 

Calcium carbonate (CaCO3)  

Gypsum Extender Calcium sulphate dehydrate 

(CaSO4) 

 

Silica Extender Silicic acid or precipitated 

silica (SiO2)  

 

Barytes Extender and as substrate 

for lake pigments.  

Barium sulphate (BaSO4/ 

Lithopone, presence of 

ZnSO4 and BaSO4) 

Darkening, due to 

impurities? Fact check this 

statement 

Starch Extender/and or modifier 

(gelatinise the oil) 

Carbohydrate (C6H10O5)n Brittle paint film, resulting 

in paint forming deep 

cracks.  

Wax Modifier (provides the paint 

with buttery consistency): 

retards drying and prevents 

jellification of poppy and 

linseed oil 

Hydrocarbon (+ alcohol, 

acids and esters) 

Cracking and adherence 

problems of subsequent 

paint layers.  

Soap  

 

 

 

Stearates 

Modifier (provides the paint 

with buttery consistency): 

emulsifier, dispersion agent 

 

 

(gelling agent): prevents 

separation, wetting agent 

Metal salts of long chain 

fatty acids (palmitic or 

stearic acid). Most common 

is sodium salt, but also 

formed by e.g salts of lead, 

manganese cobalt.)  

e.g. Aluminium stearate 

(Al(C18H35O2)) 

Accelerates oxidation 

process in the binding 

medium.  

 

 

Excess hinders drying of the 

paint. Darkens in emulsion. 

Castor oil Modifier: retards 

drying/delays the hardening 

of the paint in the tube 

Glyceride (C18H34O3) Becomes rancid, and never 

dries completely. 

Resin Modifier Aliphatic and aromatic acids Liable to form cracks and to 

discolour/darken. 
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A study by Francesca Caterina Izzo et al. (2014) compared paint formulations in historic 

paint tubes in relation to specific deterioration phenomena observed in selected case studies. 

This work merits a closer consideration, even though the paint tubes in their investigation 

covered a later period, than those for this study (c. 1920s –2000, and the art works were 

created between 1919 and 1963). The instability of problems described in paints and 

paintings from Izzo et al.’s study are found in many of Munch’s works in the Munch 

Museum’s collection. The phenomena that they identified include phase separation, 

efflorescence, and water sensitivity (2014, 76). Izzo et al. connected these problems with the 

presence of various additives that were common in modern oil paint manufactured up to the 

1960s. The issue of phase separation might be particularly relevant in relation to the 

phenomena observed in Munch’s blue paints investigated in this study (see, chapter 6). The 

typical additives to the pre-prepared tube paints, mentioned in their study are aluminium, zinc 

and magnesium stearates. These were added as dispersion agents in paints manufactured in 

Europe by Haagsche Kunstchilderverven Fabriek, Royal Talens and Old Holland (the 

Netherlands), Winsor & Newton (Great Britain), Lefranc (France) and Maimeri (Italy) (Izzo 

et al. 2014, 77). Izzo et al. suggested that the addition of aluminium and zinc stearates was a 

possible key factor causing paint failure and instability, with the subsequent formation of 

metal soaps. The metal stearates are known to have been added to paints from 1940s to 

present day. However, Carlyle argued that aluminium stearates or similar aluminium-based 

compounds in oil paints with detrimental effect, were used as additives even earlier, by the 

end of nineteenth century (Carlyle 2001, 156).  

 

 

Soaps and stearates 

Soaps are metallic salts of long chain fatty acid (Mills and White 2004, 44). Soap-like 

compounds were in common usage from the early-ninetheenth century, and were 

occasionally added in paint formulae as emulsifying agents (Gettens and Stout 1966, 200). 

J.G. Vibert mentioned the usage of ‘salt of aluminium’ in commercial paints as an alternative 

to wax (Carlyle 2001, 156).  

Aluminium stearate is a type of soap made by the saponification of tallow treated with alum. 

It is a white powder which when mixed together with oils, turpentine or mineral spirits forms 

a gel, or colloidal solution (Gettens and Stout 1966, 93). It is added to the paint in order to 

prevent oil and pigment separation, as well as for manipulating handling properties. 
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Furthermore, aluminium stearate was used to improve the wetting of in particular hydrophilic 

pigments such as synthetic ultramarine (Kirby et al. 2003, 27). When this soap was first 

introduced in ready-made paint manufacturing is not known (Tumosa 2001). Charles Tumosa 

found aluminium stearate mentioned in paint industry manual Physical and Chemical 

Examination of Paints, Varnishes, Lacquers, and Colors, by H.A. Gardener. In the fourth 

edition published in 1927, Gardener stated that this material had been used in the industry for 

some time.  

This compound is generally not considered as an additive in use before the 1920s. This 

assumption has been based on the lack of precise information on additives in technical 

literature, and on the records of applications for patenting the usage of this in a paint 

manufacturing context from 1920 (Tumosa 2001). Yet, Leslie Carlyle argued for the 

possibility of the use of aluminium stearate or a similar material in paint formulations before 

the 1890s, based on the increase of aluminium compounds registered in colour makers and 

manufacturer’s ledgers during the 1880s (Carlyle 2001, 156). This is seen in light of recipes 

where an aluminium-based compound was added to paints in order to prevent separation 

between pigments and binding media, and the description of paint failures commented on at 

the time, by Vibert, Daniel Parkhurst and Sir Arthur Church.
1
 

 
 
Wax 

Wax was another significant addition to paint formulations, to retain body, alter the paint’s 

consistency to a firmer paste and prevent it from running (Carlyle 1999, 111). Moreover, wax 

helped to prevent the separation of medium and pigment (Kirby et al. 2003, 27). Wax was 

also reported to have a preservative function within the tube paints (van de Laar and 

Burnstock 1997, 10).  

Several authors voiced their concerns regarding the excess use of wax in pre-prepared paints 

at the time. Reported problems included this paint’s tendency to crack, to become slow-

drying, a reduction in opacity, and lack of adhesion (Carlyle 2001, 114).  

                                                      
1
 J. G. Vibert, artist and lecturer, published La science de la peinture (1891). This book was intended to provide 

fellow artists with information on art materials and their durability. D. B. Parkhurst, artist and lecturer, was the 

author of The Painter in Oil, A complete Treatise on The Principles and Technique Necessary to The Painting of 

Pictures in Oil Colors (1898). Sir Arthur Church, Professor of Chemistry at the Royal Academy from 1879–

1911. Church authored The Chemistry of Paints and Paintings (1890), and was considered a leading authority in 

the field of artist’s materials. 
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Chalk and gypsum 

Chalk (calcium carbonate), gypsum (calcium sulphate) or silicates are components that could 

serve as fillers. These could also be appropriate as substrates for lake pigments (van den Berg 

et al. 2002, 468). On paintings and paint samples from works by Vincent Van Gogh, gypsum 

was identified by Ella Hendriks as filler mixed with strongly tinted pigments, like emerald 

green or chrome yellow (Hendriks 2011, 141). 

 

 

Silica 

Silica is a pure white powder, which is used as a filler and extender, providing the paint with 

body and texture (Gettens and Stout 1966, 157, Carlyle 2001, 101). If not too finely grinded 

would silica give the paint a certain textural ‘tooth’ (Mayer 1991, 56). Silica is also found in 

abundance in nature, and as such often found as an impurity in mineral pigments. Natural 

silica may be distinguished by its eroded and rounded particles. It is considered an inert 

material, with no colouring power, being largely unaffected by heat and acids (1966, 157).  

 

 

Barytes 

Another common extender was barium sulphate. This compound is almost transparent in oil 

and was added in paint mixtures as filler and/or to modify the consistency. Barium sulphate 

(BaSO4) when co-precipitated with zinc sulphide (ZnS), forms lithopone, which was 

developed in the 1874 (Gettens and Stout 1966, 125). Lithopone is opaque (in oil), has a 

bright white colour, and is also known as blanc fixe, which can be classified as fine grade or 

as more coarse particles from the natural mineral pigment barytes (Hendriks 2011, 141). 

Barite (barium sulphate) was used as an extender for paints from the last decade of the 

eighteenth century (van de Laar and Burnstock 1997, 10), and can be characterised by its 

glassy shard-like particles. It has low oil absorption and thus its addition to more oil-

absorbent pigments will reduce the oil content necessary for producing a fluid paint (Gettens 

and Stout 1966, 96). 
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Starch 

According to instruction manuals referenced by Carlyle, starch in paint formulae acted as a 

modifier. Starch was added to oil paint in order to gelatinise it, and as such improve the 

paint’s handling properties, e.g., giving a runny paint more body (2001, 101, 110). The 

inclusion of starch could also serve the purpose as a substrate for organic red pigments or to 

create a lighter shade of red lake (van Bommel, Geldof, and Hendriks 2005, 114). Starch 

grains have been found mixed in with red lake paints used by several of Munch’s 

contemporaries and are associated with particular deterioration phenomena, which will be 

discussed in more detail in chapter 3. 

 

Pigments as extenders 

Besides lead and zinc white, which enhanced drying properties, lead hydroxide was also a 

common additive to pure lead white, to produce a white paint with increased hiding power 

and to enhance the body of the paint. Field in his Chromatography (1869 edition) singled out 

hydrated oxide as a component in lead white that was particularly susceptible to darkening. 

There were general warnings at the time against using lead treated drying oil because of the 

danger of darkening (Tumosa and Mecklenburg 2005, 40).  

 

 

2.3 Binding media: drying oils 

Oils used as binding media in artists’ paints were derived from vegetable sources. In this 

period, the most common were linseed, poppy and walnut oils. These drying oils have a high 

proportion of unsaturated fatty acids (C18). By instrumental analysis, the oils are mainly 

identified and characterised by the detection of five fatty acids; palmitic (C16) and stearic 

(C18), oleic (C18:1), linoleic (C18:2) and linoleic (C18:3) (Kirby, Spring, and Higgitt 2005, 76). 

The chemical component in the oil that is particularly prone to yellow is linolenic acid (Mills 

and White 2004, 40), which is a prominent component in linseed oil. As linseed oil is 

especially known for yellowing over time, so whites and some lighter blues tended to be 

mixed with, or substituted by other oils, that would yellow less, like poppy oil. 
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Since oils are a mixture of compounds, concurrent reactions occur upon curing. The curing or 

drying process of a paint film is complex, but simplified can be described as parallel 

reactions of oxidation and cross-linking (Learner 2004, 21). Experimental studies on the 

drying of oils, have shown that linseed oil by itself will not form a durable film, as it needs 

the catalytic effects of certain metal-containing pigments or appropriate additives in order to 

cure properly (Mecklenburg, Tumosa, and Vicenzi 2010, 60). It is a relatively slow process, 

and to enable and speed up drying times, transition metals such cobalt, manganese and lead 

became the most common accelerators (van Loon, Noble, and Burnstock 2012, 225).  

 

There were, however other methods to accelerate the curing of the paint film. These included 

pre-polymerising the oil by heating the oil (heat-bodied oil), to kick-start the polymerisation, 

and letting the oil stand without using heat. Both altered the consistency of the binding 

media, but this was often desirable as pure oils lacked sufficient body to create impasto while 

concurrently retaining their glazing properties (Eastaugh et al. 2012, 212). Nevertheless, 

typical modifications to oils from this period have also been associated with paint instability 

and failure, which are discussed in the following paragraphs. 

 

 

Paint driers 

Driers are compounds that accelerate the oxidation reaction of the drying process of oil (van 

den Berg, van den Berg, and Boon 1999, 248). The (excess) use of such driers is 

acknowledged by Klaas Jan van den Berg et al. (among other groups of researchers) to be one 

of the key components responsible for recurrent paint film defects, such as darkening of 

paints (van den Berg et al. 2002), and a possible cause for the formation of lead soaps 

(Carlyle 1999, 72). In her case studies, Carlyle tried to establish correlations between the use 

of driers in oil painting instruction books and the materials that were commercially available 

throughout the nineteenth century, seen in the context of paint failures and concerns voiced at 

the time (1999).  

As mentioned above, common driers were lead and zinc white (which additionally could 

serve multiple purposes; as extenders and hue brighteners). Manganese- and cobalt-based 

compounds and varnishes were, according to technical literature of the time, sold to painters 

as separate items to be added as required to particularly slow-drying paints and/or under 

specific difficult environmental conditions, like in damp or cold circumstances (1999, 70). 
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The only drier, according to Carlyle’s research into colourmen’s catalogues, that was 

available until the last decades of the nineteenth century was Sugar of lead (lead acetate). 

This indicates that other drier compounds before this would have to be added during the 

process of manufacturing and preparation of the oil, rather than by the painter.  

 

Slow-drying red and blue paints 

Listed among the slow-drying colours were both red and brown madders as well as synthetic 

ultramarine (Carlyle 1999, 77, 78), which are among the pigments selected for this study. 

From art supplier A. H. Abbott & Co’s catalogue from 1910, information provided by Winsor 

& Newton referred to slow-drying oil paint in tubes, such as ultramarine and red lakes. 

According to the catalogue, these required a week or more to dry fully.  

Based on artist’s manuals from the early-twentieth century,  mixtures of mastic resin, nut oil 

and alum were considered appropriate to modify the drying properties of red lakes and 

ultramarine (Carlyle 1999, 78). For lakes, Japanner’s Gold Size, was listed with common 

ingredients, as were oils boiled with litharge. The documentation of recipes on Japanner’s 

Gold Size are however inconsistent. Most likely the mixture consisted of oil, sugar of lead, 

and probably turpentine, which was boiled together (Carlyle 2001, 37). However, after 1900, 

the product was not recommended by Winsor & Newton, due to results of unspecified 

impermanence (Carlyle 1999, 72). According to Field driers should be selected appropriate to 

the pigment, e.g., verdigris and manganese would be suitable driers for dark colours (Carlyle 

2001, 51). In the case of admixing fast-drying pigments with the slow ones, red lead could be 

added to red lakes (2001, 51). 

 

 

Resin 

One of the measures taken against the binding media’s liability to darken was to add 

substances, like gums and resins, and in this way reduce the amount of discolouring matter in 

the paint formula. Varnish was additionally utilised as a drier, more specifically mastic resin, 

which was mentioned by artist and Professor at the École Polytechnique, chemist and paint 

technologist J.F.L. Merimée in his painting manual The art of painting in oil, and in fresco 

(1839) with both ultramarine and lake paints (Carlyle 2001, 50).  
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Resin was admixed in pre-prepared paint in tubes, notably in red lake paints, to augment their 

translucent qualities. Resins, such as mastic, copal and amber, were frequently mixed with oil 

colours used by artists during the nineteenth century, to create a megilp; a complex 

combination of lead treated drying oil with mastic varnish, bitumen, amber, wax, copal and 

linseed or other oil (Eastaugh et al. 2012, 212). The purpose of this mixture was twofold, to 

give the paint the viscosity required to create impasto, in addition retaining its translucent 

properties (2012, 212). The resin and drying oil mixture, and the processing of oils and driers 

have however been attributed to particular problems, such as cracks, blistering, darkening and 

solvent sensitivity (Mayer 1991, 225).  

 

With regard to the patchy blackening of ultramarine paint in Munch’s work, the description 

of the reaction of in particular lead containing driers and the formation of lead sulphide that 

merits attention. At the turn of nineteenth and twentieth century it was believed that this 

darkening was due to the formation of the dark-brown compound lead sulphide (Carlyle and 

Townsend 1990, 40). The observation of darkening of paint was a cause for concern voiced 

by several writers, like Arthur Church, who supposed that lead acetate, whether present in the 

paint as a pigment, additive or as a drier in the oil, would eventually lead to darkening at the 

surface of the paint (Carlyle 2001, 14, 45). Sulphur present in the air as pollution was also 

believed to contribute to this effect.  

 

 

Lead acetate 

Lead acetate was commonly used as a drier in oil (Tumosa and Mecklenburg 2005, 43) was, 

and interestingly was the same compound added in certain pre-prepared paints for the 

opposite purpose, to prevent hardening, and consequently also prolong the shelf-life of tube 

paints (Carlyle 1999, 76). In addition to paint failures like darkening and lead soap formation, 

Field warned against an excess of lead acetate, as too much would inhibit drying. The still 

soft, almost liquid content of the three of Munch’s ultramarine paint tubes analysed for this 

study, might point towards a possible connection to lead acetate.  

 

It is of note that painting manufacturers of the period such as Winsor & Newton chose to 

advertise their high quality binding media in 1900, promising no additives, resinous materials 

or artificial driers mixed in (Carlyle 2001, 133). 
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2.4 Blue paints 

Some issues concerning synthetic ultramarine blue and cobalt blue are mentioned in technical 

literature from the period (historical notes). These provide support for theories about the 

causes of problems frequently observed and encountered by the conservators today, which 

have an impact concerning the condition of the paintings, and their treatment. 

 

 

2.4.1 Cobalt blue 

Cobalt blue, is a mixed oxide of cobalt and aluminium (CoO.Al2O3) and was available to 

artists soon after its discovery in 1803–1804 (Roy 2007, 152). The pigment was produced 

using different methods and different mixtures of components. Cobalt blue paints therefore 

vary. Combinations may include arsenate and aluminate and/or arsenate phosphate (Carlyle 

2001, 470). The latter component(s) and type of cobalt blue were often labelled Leithner’s or 

Thénard’s blue and, according to Ashok Roy was early on, associated with French 

manufacture (Roy 2007, 152).  

 

Cobalt blue is generally regarded as stable, which means that the pigment shows little or no 

reactions or changes when exposed to light, heat, chemical agents and/or chemical pollutants, 

such as sulphuric gases, in the atmosphere (Gettens and Stout 1966, 108). However, issues 

concerning the stability of cobalt blue paints were recorded early on, e.g., by Field, who 

reported in 1835 that cobalt blue paints developed a greenish tone, which ultimately resulted 

in a black colour if exposed to polluted air over time (Carlyle 2001, 262, 471, Roy 2007, 

156). Cobalt blue’s change in hue towards green and black is important to note in relation to 

the observation of colour changes in the painting of Edvard Munch selected for this study, 

notably The Drowned Boy.  

 

The explanation ascribed to this discolouration was the paints’ exposure to pollution that 

promoted the reaction between the arsenic components of the paint, which formed the yellow 

sulphide of arsenic. Furthermore, yellowing of the medium that was responsible for creating a 

green hue was thought to be caused by the oil rising to the surface (Carlyle 2001, 471). The 

cobalt pigment containing phosphate, rather than containing arsenic, thus became the 

preferred cobalt blue pigment. Varieties of cobalt blue were added zinc white or zinc oxide 

during manufacture, which also was believed to cause discolouration (Roy 2007, 156, 160).  
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Oil absorption 

The ratio of oil to pigment depends on the pigment’s oil absorption properties and the desired 

viscosity of the paint. With regard to cobalt blue’s oil absorption, it is categorised as 

moderately to high amount of oil range, necessitating between 27 g–36 g of oil per 100 g of 

pigment (Mayer 1991, 70). 

 

 

2.4.2 Synthetic ultramarine blue 

Synthetic ultramarine has the chemical composition Na6–10Al6Si6O24S2–4. It is essentially a 

sodium aluminium sulphosilicate (Plesters 1993). The synthetic version has the same 

chemical composition as the natural pigment obtained from lapis lazuli. The synthetic version 

might, however, be distinguished by its particle characteristics. Synthetic ultramarine has 

particles with regular size and shape, and the particles are more finely grained than the 

natural pigment (Gettens and Stout 1966, 165).  

 

Synthetic ultramarine was developed and introduced between 1826 and 1828 (Carlyle 2001, 

473). The pigment is considered comparatively permanent, and shows good lightfastness 

(Plesters 1993, 57). However, the purity of the ingredients that are incorporated during 

synthesis is of some importance. Similar to the early manufacturing of cobalt blue, there were 

difficulties preparing stable synthetic ultramarine. Complaints were reported throughout the 

nineteenth century in relation to the lack of chemical compositional repeatability. This was 

connected to the early methods of manufacture, and there were for example three different 

chemical compounds labelled under the same pigment name (Carlyle 2001, 158). Ultramarine 

blue was synthesised by the Frenchman Jean Baptiste Guimet in 1828, but in the following 

years, 1890, 1903 and again in 1921 patents appeared with modifications and improvements 

of manufacture process, which obviously came as a result of unsatisfactory products (Moya 

and Fernandés-Villa 2008, 71). A cheaper version of synthetic ultramarine pigment was 

available to artists from the 1830s, and the production of this pigment came mainly from 

France (Callen 2000, 137). An issue that was mentioned by Field and Thomas W. Salter (the 

latter revised and modernised Field’s Chromatography 1869 edition) was blackening (Carlyle 

2001, 301, 473). The blackening of ultramarine paint was attributed to a reaction with lead or 
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copper containing compounds. The inferior quality pigment was, due to impurities and excess 

of readily reacting sulphur, particularly susceptible (Gettens and Stout 1966, 164, 2001, 473). 

 

 

Oil absorption 

Synthetic ultramarine pigment absorb moderately amount of oil, approximately 30 g of oil to 

100 g of pigment. Ultramarine was considered a slow-drying paint. Ultramarine does not 

easily mix well with oil and because of ultramarine’s poor compatibility with oil, the adding 

of waxes and other stabilisers, like aluminium stearates, were common in order to achieve a 

satisfactory paint consistency (Mayer 1991, 71). 

 

In Old Man in Warnemünde the surfaces of blue brushstrokes have darkened unevenly, with 

patchy black spots, reminiscent of the reports from Salter and Field. In areas of old losses, a 

brighter blue colour is clearly visible underneath. Blue passages on The Drowned Boy also 

have areas that have become dark, greenish and also towards black in appearance. 

Furthermore, where the paint strokes retain their bright blue colour, these appear today dry, 

matte and porous. These issues are taken up in chapters 5 and 6. 

 

 

2.5 Red lake paints 

Before the proliferation of synthetic dyestuffs, throughout the nineteenth century, red lake 

colorants were traditionally extracted from naturally occurring sources – from plants (i.e. 

madder root), trees (brazilwood) and insects (cochineal and kermes). Once extracted, dyes 

were precipitated onto an inert inorganic substrate, e.g., gypsym, calcium carbonate or 

hydrated alumina to produce a powdered pigment (Higgitt, Kirby, and Spring 2006). In 1896, 

Graebe and Liebermann patented the synthesis of the main colorant component of madder; 

alizarin, which is considered to be the beginning of the gradual decline of the natural-dye 

industry (Kirby, van Bommel, and Verhecken 2014, 48, Mills and White 2004, 143). In the 

late-nineteenth and early-twentieth centuries, both natural and synthetic red lakes were 

available to artists’ (Kirby, van Bommel, and Verhecken 2014, 7, Schweppe and Winter 

1997, 119). These were often also found mixed in pre-prepared paint from this period, until 

the 1930s when the synthetic version predominated (Higgitt, Spring, and Saunders 2003, 86).  
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The following paragraphs offer a short presentation of red lakes that were available to Edvard 

Munch, with particular focus on the type of red lakes identified in works made by artists 

contemporary to him. Since these often were found mixed in the manufactured paint, it is 

necessary to address several variations of red lakes.  

 

 

Table 2 Summary of typical combinations of red lakes and associated aging phenomena. 

 

Red lakes 

(mixtures as identified in 

case studies) 

Main colorant Substrate and extenders Associated deterioration 

phenomena 

Madder lake + redwood 

lake 

 

Alizarin and some purpurin 

+ brasilein (?) 

 

Tin containing substrate + 

aluminium/calcium 

 

Fading 

 (I) Cochineal Carminic acid Tin containing substrate, 

with the addition of starch  

Severe cracking, worn surface, 

fading 

Kopp’s purpurin  + 

Redwood 

 

Pseudo-purpurin + brasilein Substrate unidentified. 

Inclusion of starch  

Browning/darkening/formation 

of crust on the surface and 

spotting 

(II) Cochineal  

and 

Cochineal + Kopp’s 

purpurin 

 

Carminic acid 

 

Carminic acid + brasilin 

and pseudo-purpurin 

Aluminium/calcium Considered stable 

 

Considered stable  

Kopp’s purpurin  Pseudo-purpurin  Aluminium based In instances brown 

discoloration, spotting 

(III) Cochineal + Redwood  

 

Carminic acid + brasilein 

(FTIR and Raman) 

Inclusion of starch Cracking 

Madder lake Main components alizarin 

and purpurin 
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Label names 

There are multiple examples of red lake paints from this period, for which the given name of 

the paint did not refer consistently to a specific pigment or pigment mixture. The variety of 

names for red lakes recorded in colour merchants catalogues serves as a case in point. 

Examples from the of labelling of the paint tubes from the Munch Museum’s reference 

collection are e.g., Laque de garance, Alizarin krapplack, Crimson Lake, Madder lake, 

Carmine, Alizarin Crimson and Rose madder to mention but a few that are described in Table 

2.  

 

 

2.5.1 Carmine (cochineal lake or kermes) 

Traditional carmine was based on carminic acid, obtained from scale insects, such as 

cochineal or kermes. The resulting pigment derived from scale insects are generally more 

purplish crimson in hue, which can distinguish it from the dye from madder root (Kirby, 

Spring, and Higgitt 2005, 83). Carmine by itself would have had a deep dark colour, and was 

often extended with starch during manufacture (Kirby, van Bommel, and Verhecken 2014, 

33). Carmines in paints used in works by Vincent van Gogh and Georges Seurat, who used 

paint labelled Scarlet lake were extended by vermilion in (van Bommel, Geldof, and 

Hendriks 2005, 130). 

 

 

2.5.2 Madder lakes 

Red colorants extracted from the root from the herbaceous madder plant consist chemically 

of several components, all of which are derivatives of anthraquinone (Mills and White 2004, 

142). The main components are alizarin, purpurin, pseudo-purpurin, alizarin 2-methyl ether, 

rubiadin and munjistin (Schweppe and Winter 1997, 109).  

 

The tone and shade of the madder lake pigment can vary according the amount and type of 

colorant in the extracted dye. The tone and shade is additionally dependant on the type of 

substrate. For example, when the substrate is an aluminium salt, the three first colorants, 

alizarin, purpurin, pseudo-purpurin will result in a bright red, while the latter three, alizarin 2-

methyl ether, rubiadin and munjistin will give an orange-yellow shade (Schweppe and Winter 

1997, 112). The presence of iron, either as a substrate or as a component of an additional 
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material, would result in violet or with a purple tinge, and so resemble lakes based on 

cochineal or kermes (Mills and White 2004, 142). In general, lake pigments that contain more 

alizarin would give a red shade, while more purpurin results in a pink tone (Kirby, van 

Bommel, and Verhecken 2014, 3). 

 

 

2.5.3 Alizarin 

Paints containing alizarin would ideally be labelled to specify the synthesised variety. 

Alizarin was first synthesised in 1869, and became available on the market in 1870 (Mills 

and White 2004, 143). A note from 1910 on madder and alizarin paints in art supplier A. H. 

Abbott & Co’s catalogue, reports that Winsor & Newton distinguished between synthetic and 

natural red lakes (Abbott c. 1910). The latter were identified as madder and carmine, and 

were claimed to derive from madder root using traditional methods. The synthetic variation 

was cheaper, and would have been labelled with alizarin in parenthesis behind madder or 

carmine to separate the two types.  

 

Again, with regard to colour, alizarin has a violet-blue tone when manufactured in alkali 

solution, but results in a yellowish-red when the solution is acidic. In addition, alizarin on an 

alumina lake gives rose-red pigment, or bluish-red if calcium is present, and red-violet in the 

presence of tin lake (Schweppe and Winter 1997, 119). Furthermore, iron lake produces a 

black-violet, chrome lake gives a brown-violet or red-brown colour (1997, 119).  

 

 

2.5.4 Redwood 

The dyestuffs from brazilwood or redwood, based on brasilein, were in general considered to 

be of poorer quality than for example colorants extracted from insects or madder (Kirby, van 

Bommel, and Verhecken 2014, 6). Brazilwoods/redwoods were described as deceitful as 

early as the 1500s due to their impermanence (Kirby and White 1996, 64), but the material 

was nonetheless widely used as a pigment whilst Munch was active.  

 

Red lakes extracted from redwood have been identified in paint in works of art used by 

contemporaries of Munch (van Bommel, Geldof, and Hendriks 2005, 128). Perhaps due to its 
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well-known impermanence, this type of lake has usually has been admixed with other lakes, 

or red pigments.  

 

 

2.5.5 Kopp’s purpurin 

Kopp’s purpurin is a mixture of purpurin, pseudo-purpurin, xanthopurpurin and munjistin 

(Schweppe and Winter 1997, 120). It was manufactured from madder root, which had 

undergone several steps involving sulphurous acid. The preparation method results in a 

colorant with pseudo-purpurin as the main colorant (van Bommel, Geldof, and Hendriks 

2005, 126). It is important to note, to avoid confusion, that during analysis using High 

Performance Liquid Chromatography (HPLC), an often chosen technique to specify colorant, 

the paint sample requires pre-treatment, and this preparation converts the main colorant in 

Kopp’s purpurin, pseudo-purpurin, into purpurin. Pseudo-purpurin is considered to be stable 

and lightfast, while purpurin lakes are known to be fugitive (2005, 125, 126).  

 

Particular deteriorating phenomena connected with Kopp’s purpurin are brown discoloration, 

spotting and uneven areas of bright red, all of which will be discussed further in chapter 3, 

under the paragraph presenting relevant case studies on red lake. 

 

 

2.5.6 Garancine 

Garancine was also obtained from madder root (a derivative of madder, as Kopp’s purpurin) 

and involved the preparation of the madder with boiling in sulfuric acid (Schweppe and 

Winter 1997, 121). The garancine manufacturing process was introduced by Robiquet and 

Colin in 1828. The end result and hue of garancine after the treatment with sulphuric acid 

was dependent on whether it was mixed with alkali or acid (1997, 121). 

 

2.5.7 Substrates 

The most common substrates in ‘traditional’ (pre-nineteenth century) lakes are hydrated 

alumina substrates (Kirby, Spring, and Higgitt 2005, 71, Kirby, van Bommel, and Verhecken 

2014, 77). An important property for compounds suitable as substrates for lakes is the low 

refractive index, close to linseed oil (and or other oils used as binding media). Consequently, 

most red lake paints were translucent, supplying artists with an alternative to the more opaque 
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red coloured paints such as vermilion and red lead. Tin oxide substrate is reportedly only 

found with cochineal dyestuff (Kirby, van Bommel, and Verhecken 2014, 69). The scarlet red 

pigments made from cochineal with tin salts are opaque in contrast to the alumina-containing 

pigments, and could therefore easily be extended with starch without compromising the 

colour, and were therefore frequently extended during manufacture. The addition of starch in 

this case would brighten the colour, and improve the paint’s handling properties, as well as 

provide an economic advantage. Recipes of the tin-containing red lake pigment appear from 

late-eighteenth, and became widely used during the nineteenth century (Kirby, van Bommel, 

and Verhecken 2014, 78). Given the variety of substrates, colour alterations, fading and other 

deterioration phenomena are difficult to predict. 

 

 

Oil absorption 

Red lakes required substantial amounts of oil added during grinding to produce a usable 

paint. For example, a paint containing 100 parts of madder lake would require approximately 

70 parts oil (Schweppe and Winter 1997, 115). Given the high oil content, the paint is 

considered a poor drier, and consequently, red lake paints were usually admixed with a 

variety of materials, which in turn increased the risk of adulteration with substances like 

rouge of safflower, brickdust, red ochre, mahogany sawdust, sandalwood, and logwood 

(Townsend et al. 1995, 69). 

 

Recurrent problems 

Recurrent problems that are encountered on oil paintings from the twentieth century relate to 

materials described above, which result in phenomena such as colour changes, efflorescence, 

pigment-binder separation and water sensitivity (Izzo et al. 2014, Burnstock and van den 

Berg 2014, Lee et al. 2017, Graczyk et al. Proceedings from 2018 conference, forthcoming). 

These topics are the focus of current research projects in the Munch Museum conservation 

department, as these problems are frequently encountered in paintings from collection.  

Examples of projects are the investigations into the formation of white crystals 

(efflorescence) on several of Munch’s large format sketches (Sandbakken and Boon 2015, 

Sandbakken 2014). Examinations of faded yellow in The Scream, 1910 (?) (MM.M.514/Woll 

M 896) have led to ongoing investigations into the mechanisms of degradation of paint 
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containing cadmium yellow (Plahter and Topalova-Casadiego 2011, Mass et al. 2015, 

Barnaby et al. 2017, Plahter and Plahter 2015). Research into Munch’s materials and 

recurrent problems has steadily intensified during the last decades (Plahter and Plahter 2015, 

3).  

The reference collection at the Munch Museum consists of over 900 Munch’s paint tubes 

from different brands besides various other materials and tools. The first publication 

introducing some of this material came in 2012 (Kutzke and Topalova-Casadiego), which 

marked the start of a larger project that commenced in 2014 in the museum’s conservation 

department. The following chapter offers a brief presentation of a selection of objects from 

the reference collection and publication to date. 
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3 The reference collection at the Munch 

Museum: Edvard Munch’s paintings 

materials from Ekely 
 

In 1916 Edvard Munch settled down after years of travelling both abroad and in Norway and 

bought the estate Ekely, on the outskirts of centre of Christiania (later Oslo). At Ekely Munch 

erected several studios and lived and worked there until his death in 1943. Munch bequeathed 

his artworks and belongings, to what later became the municipality of Oslo. The inventory 

consists of Munch’s studio materials and equipment, and includes palettes, brushes, and early 

inventions of spray guns, as well as bags of dry pigments and a large collection of collapsible 

paint tubes, mostly used. The paint tubes are from several different brands, some from well-

known and still existing paint manufacturers, like Winsor & Newton, while others are from 

now become obscure brands like Ambor (France) manufactured by Morin et Janet (Syversen 

et al. in progress). The reference collection at the Munch Museum provides insight into 

Munch’s preferred choices of painting materials, as well as historic paint manufacture.  

 

This chapter reviews selected painting materials from Munch’s studio, followed by a 

discussion of studies of works by Munch’s contemporaries. These studies supply valuable 

comparative material for analytical results from Munch’s paintings, Old Man in Warnemünde 

and The Drowned Boy. 

 

 

Paint tubes 

Of special interest in this context is Munch’s collection of paint tubes. These provide a source 

of comparative material not only for investigating deterioration phenomena observed in 

Munch’s paintings but also, as mentioned, may serve as reference on historic paint 

manufacture of aged, but otherwise untreated material for analysis. There are 922 paint tubes 

that retain legible labels. These represent 31 different brands from 20 manufacturers. 

Moreover, the variety of paint tubes ranges from a surprisingly long period, from as early as 

1864 up to mid-1940s (Syversen et al. in progress), an observation based on the different and 

changing designs of the labels on the paint tubes. Consequently it is inferred that the tubes 
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from Ekely constitute materials acquired by the artist throughout a longer period, rather than 

limited to his last 28 years (Syversen et al., forthcoming). 

 

Forthcoming publications will present findings from the analysis of this material and as such 

serve as examples of historic paint manufacturing. Analysis of samples from ten tubes of oil 

paints, from different brands labelled cobalt blue, ultramarine blue and red lakes, have 

informed this study. These results from the paint tube project are presented in chapter 5. 

 

 

Miscellaneous; Siccatif de Courtrai, Medium Ambor No 2. and Feigenmich 

Besides the paint tubes, Munch’s studio materials included, containers of driers and other 

binding media. Examples are Siccatif de Courtrai,from Lefranc, and Vernis damar à 

tableaux, from the colour merchant Alf Bjercke. The Siccatif de Courtrai was widely 

available to artists from the latter half of the nineteenth century (Carlyle 2001, 48). It was 

considered an effective drier, and used either as a varnish or as a medium to paint with. The 

use of this medium also raised concerns, voiced by Vibert and Church, who warned that 

excessive use could lead to cracking. Furthermore, this medium could be ruinous to certain 

colours, as it contained a large amount of lead-containing compounds (2001, 50). Another 

bottle with a drying material is Medium Ambor No.2 
2
 , while an unopened bottle of 

Feigenmilch, or fig milk, from the company Weimarfarbe is amongst these materials. Fig 

milk was a material used as a binder or additive mixed with egg in making tempera paint.
3
 

While it still is uncertain the extent to which Munch used these materials in his paintings, 

these are nevertheless possible points of reference when interpreting analytical results. 

  

From the archive of papers kept by Munch, there are a few receipts from different local 

colour merchants, which provide lists and prices of purchased painting materials. There are 

few specifications, besides the colour that he bought. As a side note in this connection, there 

is a letter from the archive, sent from the Dutch company Talens, which had a representative 

in Kirkegata 34, in Oslo. It was an invitation to Munch, and should he respond, Talens would 

                                                      
2
 The brand Ambor is currently being investigated by Terje Syversen at the Munch Museum. This brand has 

fallen into obscurity, as it is not widely known of today. However, is this manufacture is of particular interest as 

many (of total 922 of regitstrered paint tubes) 298 are from this company.  
3
 An exact similar bottle of the fig milk from Weimar farbe, was analysed and presented by Eva Reinkowski-

Häfner, Karoline Beltinger, Kathrin Kinseher, Wibke Neugebauer, Albrecht Pohlmann and Simona Rinaldi, in 

FUTURAHMA conference 2016. The production by Weimar farbe of the synthetic figmilk was during 1906-07. 

This fig milk consisted of distilled water, beeswax, medical soap and turpentine.  
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supply free samples of paint from their brand Rembrandt, for the great artist to try. There are 

15 paint tubes in the collection with Rembrandt labels, containing blue, green, yellow, red 

and brown paints (Kutzke and Topalova-Casadiego 2012, 173). Based on the wide range of 

paints from different brands, it would seem that Munch chose the available paints, rather 

having a favourite brand. Having said this, paints from Ambor constitute approximately 30 

percent of the artist’s paint tubes in the reference collection (Syversen et al. forthcoming), 

which indicates that this particular brand produced paints agreeing with the artist.  

 

 

3.1 Selected case-studies: review and discussion 

 

3.1.1 Case studies concerning blue paints 

Case studies that correspond to the deterioration of blue passages in specific Munch paintings 

were presented at FUTURAHMA (2016), and the conference, Modern Oil Paints (2018). 

(Proceedings from both are soon to be published). Agata Graczyk presented the investigation 

of the painting La Créole au perroquet (c. 1910) by the French artist Alexis Mérodack-

Jeaneau (1873–1919). In this work Mérodack-Jeaneau applied the paint by squeezing it 

directly from the tube, creating high impasto (Graczyk, Proceedings from 2016, Graczyk et 

al. Proceedings from 2018, both forthcoming). The thickly applied paints were fragile and in 

need of treatment. Paint-specific problems included loss of cohesion and porosity 

(underbound paint), water sensitivity and black or white deposits. These are recurrent 

problems that are also encountered in specific blue paints used by Munch.  

 

Similar phenomena in passages with ultramarine are found on the later painting by Karel 

Appel, Les Animaux (1961). This paint’s instability and flaking has been connected to a 

phase separation in the matrix of the paint (Burnstock and van den Berg 2014, 10). Burnstock 

et al. and Graczyk et al., link these characteristics of deterioration with manufacture, and the 

admixture of certain additives in the paint formulae. Table 3 offers a summary of case studies 

and deterioration phenomena described in each.  
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Table 3 Summary of deterioration phenomena in blue paints related to specific case studies that address 

paintings by Mérodack-Jeaneau, Appel et al. 

 

Artist/Title Deterioration 

phenomena 

Materials 

identified 

Analytical 

techniques 

Reference 

Alexis Mérodack-

Jeaneau, La 

Créole au 

perroquet 

(c.1910) 

Loss of adhesion, 

water sensitivity.  

 

Underbound 

paint, and black 

and white 

deposits (the 

latter two, in 

ultramarine blue) 

 

Synthetic 

ultramarine blue 

and cobalt blue 

Synthetic 

ultramarine blue 

 Graczyk et al. Proceedings from 

2018 conference, forthcoming 

Karel Appel, Les 

Animaux (1961) 

Water sensitivity, 

medium 

separation, 

flaking paint  

 

Synthetic 

ultramarine blue 

SEM image, 

SEM-EDX 

Burnstock and Van den Berg 

2014 

Karel Appel, 

L’Homme (1953) 

Water sensitivity, 

pigment –

medium 

separation 

 

 

Efflorescence, 

crust formation 

on the surface 

Synthetic 

ultramarine blue, 

zinc stearate and 

heat-bodied oil 

medium 

 

Cobalt blue, the 

crust contained an 

aluminium (Al) 

material 

 

FTIR 

 

 

 

 

 

SEM 

micrographs, 

EDX 

Burnstock et al. 2006 

Case studies of 

six paintings, 

dating from first 

half of the 

twentieth century 

to 1980s, from 

the Cultural 

Agency of the 

Netherlands 

collection 

Darkening and/or 

loss of cohesion 

Synthetic 

ultramarine blue 

OM, SEM-EDX, 

THM-Py-GC/MS 

Vaudremer et al. 2018 
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A common feature among the case studies is that problems with blue paints are in part linked 

to the manner in which the artists applied the paint. The blue paints are applied with heavily 

loaded brushstrokes, or squeezed directly from the tube onto the canvas. Problems with 

colour change and loss of cohesion are also connected to the manufacture of these paints. 

Research to explain these issues has focussed on characterisation of degradation products, 

and the influence of the pigment particles (Vaudremer et al. 2018).  

 

 

3.1.2 Case studies concerning red lake paints 

Among Edvard Munch’s contemporaries, the work of Vincent van Gogh (1853–1890) has 

been the most thoroughly investigated and published, with specific reference to in the 

deterioration of red lake paints (Kirby 1994, 2005, Centeno et al. 2017, Hendriks, Brokerhof, 

and Meiracker van den 2017, van Bommel, Geldof, and Hendriks 2005, Burnstock et al. 

2005, Fieberg et al. 2017). This body of research provides substantial comparative material in 

this dissertation, particularly on the phenomena of darkening and development of pronounced 

cracks. 

 

The study of van Bommel, Geldof, and Hendriks (2005) of Van Gogh’s organic red pigments 

in paintings produced between 1885–1888 provides several comparable examples to works 

by Munch. Their survey on Van Gogh’s red lake paints was considerable in scope, with 52 

samples (taken from 41 works), making it possible to look for trends. As discussed in chapter 

2, there were numerous combination possibilities as there were a variety of red colorants and 

substrates. Of these, Van Gogh used mainly four types of red lake. These were Kopp’s 

purpurin on an aluminium-containing substrate, and two variations of cochineal lake: one on 

a tin-base, and the second on an aluminium/calcium base; along with a redwood lake on a tin-

based substrate. Starch was also found added with the redwood on tin-containing substrate 

and with the cochineal and tin lake (van Bommel, Geldof, and Hendriks 2005, 132). 
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Table 4 List of relevant types of organic red lake pigments and paints based on deterioration phenomena 

in case studies 

 

Artist/Title Deterioration 

phenomena 

Materials 

identified/Substrate 

Analytical 

techniques 

Reference 

Vincent van Gogh, 

Glass with the Yellow 

Roses (1886) 

Spotting: uneven 

colouring, cracks 

and darkening 

 

 

Kopp's Purpurin 

(coloring matter: 

Purpurin) with the 

inclusion of starch. 

OM, SEM-EDX, and 

when possible HPLC-

PDA 

Burnstock et al. 

2005, 464 

Vincent van Gogh, 

Flame Nettle in a 

Flower Pot (1886) 

Spotting   Kirby, Spring, and 

Higgitt 2007, van 

Bommel, Geldof, 

and Hendriks 2005 

Vincent van Gogh, 

Small Bottle with 

Peonies and Blue 

Delphinimus (1886) 

 

Darkening and 

severely degraded 

surface (yellowish 

crust) 

Mainly Redwood 

(brasilein) (with 

starch) and trace of 

Kopp's Purpurin 

OM, SEM-EDX, and 

when possible HPLC-

PDA 

Burnstock et al. 

2005 

Vincent van Gogh, 

The Pink Orchard 

(1888) 

Bleaching, fading Cochineal based lake 

(carminic acid) (with 

starch), tin-based 

substrate. 

 Van Bommel, 

Geldof, and 

Hendriks 2005 

Vincent van Gogh, 

The White Orchard 

(1888) 

Bleaching, fading Cochineal based lake 

(carminic acid), 

hydrated aluminium 

or calcium salt. 

 Kirby 2005 

Vincent van Gogh, 

Peach tree in 

Blossom (1888), and 

Irises (1890) 

Bleaching, fading Eosin lake 

(tetrabromo-

fluorescein) 

 

 

Eosin equivalent lake 

with zinc white 

 

 

 

SEM-EDX, Raman, 

SERS, and/or HPLC 

 

Kirby 2005 

 

 

 

Kirby 2005 

Vincent van Gogh, 

Head of an Old 

Woman (1885) 

Bleaching, fading Madder lake (alizarin) 

+ redwood mixed 

with lead and zinc 

white 

 Centeno et al. 2017 

Vincent van Gogh, 

Agostina Segatori in 

Café du Tambourin 

(1887) 

Cracking in 

passages with 

pure/unmixed 

paints, thickly 

applied 

 

Cochineal lake, tin-

based substrate with 

starch 

 Burnstock et al. 

2005 

Pierre-Auguste 

Renoir, La Loge 

(1874)  

Cracking Red lake (not 

specified) with starch 

 Burnstock et al. 

2005 
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In summary, specific deterioration of red lake paints (described in Table 3 and Table 4), 

included spotting connected to Kopp’s purpurin (purpurin-containing lakes). This 

phenomenon was described as “localized aggregations, radiation from larger, intensely 

coloured areas” (Burnstock et al. 2005, 464), and was identified on Glass with the Yellow 

Roses and Flame Nettle in a Flower Pot.  

 

Red lake passages in Bottle with Peonies and Blue Delphiniums and Glass with Yellow Roses 

darkened considerably to a brownish hue. The components associated with this deterioration 

were identified as redwood and purpurin, possibly Kopp’s purpurin (Burnstock et al. 2005, 

463). Of the red lake samples from the Van Gogh’s paintings, except for one cochineal 

sample, all contained vermilion (van Bommel, Geldof, and Hendriks 2005, 133), which also 

corresponds with the red lake sample taken from the Munch’s Old Man in Warnemünde.  

 

Examinations of Van Gogh’s paintings have revealed that this artist used unstable materials, 

which have causing marked deterioration on the painted surfaces. The failure of the red lake 

paints has been connected to manufacture and incompatible paints components. This artist’s 

use of low grade painting materials has been pointed out as a factor in several of Van Gogh’s 

paintings, which suffer from various alterations of specific colours, i.e., chrome and zinc 

yellow, cochineal and redwood lakes (Hendriks 2011, 143). Furthermore these studies have 

shown the need for often complementary, or rather multi-analytical investigative approaches 

to determine the exact nature of red lake paint composition. The complex mixtures that are 

typical for these paints pose yet further challenges for interpretation. By contrast to Van 

Gogh’s complex layering, paintings by Munch selected for this study contain colours that are 

seemingly pure, and possibly applied directly from a tube.  
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4 Instrumental methods 
 

The primary aim of this study is to characterise the altered paints observed in Edvard 

Munch’s paintings Old Man in Warnemünde and The Drowned Boy. To this end, parallel 

investigations into documentary sources on paint materials as well as analysis on the primary 

sources as the paintings and paint tubes have been carried out. 

 

Bearing in mind the pitfall of simplification concerning the use of instrumental analysis, 

Christoph Krekel, Ursula Haller and Andreas Burmester (2006) stressed the importance of 

performing this form of analysis on the basis of thorough archival and documentary research 

on material availability and manufacture of the period. This will hopefully reduce the risk of 

limiting the interpretation of the results to the most recognisable combinations. Results from 

the research for this project in archival and published sources were presented in Chapters 2 

and 3. This work means that surface examinations and in-depth studies of micro-samples can 

be placed in a nuanced context (see Table 6, which provides a summary of invasive analysis 

performed on Old Man in Warnemünde, The Drowned Boy and Munch’s paint tubes, and 

Table 7, 8 and 9, which offers a summary of results from the analyses). 

 

The chapter sets out the instrumental methods employed during this project. These are set out 

in Table 5 and Table 6. Firstly, the non-invasive techniques are outlined, and secondly 

instrumentation that required a sample, together with a brief discussion of possibilities and 

limitations of the different techniques. Lastly, techniques used to analyse the materials from 

Munch’s paint tubes are described. 

 

 

4.1 Non-invasive analyses: paintings 

 

4.1.1 Visual investigation and microscopy 

Visual observations were key to formulating the research questions. The phenomena on the 

surface are visible on many of the paintings in the Munch Museum collection. The recurrent 

observations of these phenomena may indicate that these relate to paint production and 

manufacture, and as such are likely to be present in other collections as well. Further 
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investigations of works in other collections were considered in Chapter 5 and 7, with topics 

for future research. 

 

 

Table 5 Summary of non-invasive analysis performed on Old Man in Warnemünde and The Drowned Boy. 

 

Object Colour Purpose of analysis Instrumentation Laboratory/

Institution 

Old Man in 

Warnemünde 

(MM.M.491) 

Blue  

Red 

Surface examination and 

documentation 

Digital microscopy (HIROX RH-

2000) 

Munch 

Museum 

(MUM) 

  Detection of inorganic 

components, suggestive 

information on pigments and 

fillers  

 

pXRF (Niton Xl3t, SDD GOLDD+) MUM 

The Drowned 

Boy (MM.M. 

559) 

Blue Surface examination and 

documentation 

Stereo microscopy (Zeiss OPMI Pico 

with Canon EOS 550D) 

MUM 

  Detection of inorganic 

components, suggestive 

information on pigments and 

fillers 

pXRF (Niton Xl3t, SDD GOLDD+) MUM 

 

 

For investigating the surface of the paintings, a Zeiss OPMI Pico with Canon EOS 550D 

digital camera attached was used to document the surfaces under magnification. Additionally, 

a HIROX RH-2000, 3D digital microscope was used for documenting Old Man in 

Warnemünde. The digital microscopy made it possible to measure and provide three-

dimensional images of the paint-surface topography in combination of magnification up to 

1000 ×. The microscope extended the range of visualisation of the different phenomena in 

paint layers, and provided imaging in between deep cracks in the paint layer. 

 

While microscopy will not help to identify organic red lakes with certainty, certain organic 

red colorants display characteristics under ultraviolet light. Some fluoresce, which might be 

indicative for a type of red colorant, e.g., cochineal and kermes carmine fluoresce bright pink, 

madder lakes dull orange, but alizarin has no fluorescence under UV-light (Kirby and White 

1996, 60-61).  
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4.1.2 Portable X-ray Fluorescence Spectroscopy (pXRF) 

Portable X-ray fluorescence spectroscopy (pXRF), was a useful tool during preliminary 

investigations of the paintings. The results from pXRF gave indications of composition in the 

areas of interest for this study. A Niton Xl3t pXRF instrument (SDD GOLDD™) was used in 

Mining mode. Spectra were collected with a spot size of 3 mm. Four spectra were collected 

in each area of analysis (Main, Light, High, and Low range) for 30 seconds each, 120 

seconds total collection time, employing 50 kV current up to 40 μA.  

For preliminary investigations pXRF can provide indications on the inorganic material 

present in selected measurement locations. Since the paintings consist of layer structures 

composed of different materials, measurements with pXRF can only supply qualitative data, 

and was therefore done in tandem with complementary techniques for confirmation of 

materials.  

In relations to information that may be collected from paints that possibly contain organic 

reds, might provide indications on the components of the inorganic substrate, e.g., metals in 

salts. Results of the pXRF measurements carried out for this project are summarised in 

Chapter 5.  

 

 

4.2 Invasive analyses: samples, apparatus and protocol 

 

4.2.1 Samples 

To characterise the altered paints, samples were required. Current practice is to take these in 

areas where there are old damages, like cracks and lacunas (Khandekar 2003, 53). The 

selected paintings in this study have blue and red paint with degraded surfaces. These paints 

exhibits cracks and have old losses, and sampling was therefore possible on the selected 

works.  

 

 

Old Man in Warnemünde: sample location and brief description  

Three samples were taken from Old Man in Warnemünde, two from the blue paint (S 1 A and 

B, MM.M. 491), and one from the red paint (S 2, MM.M. 491) (see Fig. 4). The blue paint 

samples were taken from a blue painted area that exhibited both darkened blue and bright 
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blue colour. The dark, nearly black colour seemed to be located at the surface, revealing a 

brighter blue colour in the lower parts of the bulk of paint.  

 

 

  

Figure 4 Old Man in Warnemünde. Areas of sampling are marked and numbered in yellow. Sample 1 

A+B (S 1 A/B, MM.M. 491) were from the blue paint. The blue paint samples were taken from the same 

paint stroke, hence A and B. Sample 2 (S 2, MM.M.491) was taken from the red paint in the foreground 
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The red paint sample was removed from impasto and cracked red paint, showing both 

darkening and also bright red colour.  

 

 

The Drowned Boy: sample location and brief description 

Three samples were taken from blue paint from The Drowned Boy (see Fig. 5). Sample 1 (S 

1, MM.M.559) was from a predominantly dark, almost black coloured area of the paint. 

Sample 2 (MM.M.559) had both darkened and bright blue colour, while sample 3, was taken 

from the blue paint of an area that mainly retained a bright blue colour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Figure 5 The Drowned Boy. Areas of sampling are marked and numbered in yellow. Sample 1-3 

(MM.M.559) were taken from blue paints. 
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Table 6 Summary of invasive analysis performed on Old Man in Warnemünde, The Drowned Boy and 

Munch’s paint tubes. 

 

Instrumentation Sample/Colour Purpose of analysis Laboratory/Institution 

Optical microscopy S1 B (MM.M.491)/Ultramarine 

blue 

S2 (MM.M.491)/Organic red lake 

S1 (MM.M.559)/Cobalt blue 

S2 (MM.M.559)/Cobalt blue 

S3 (MM.M.559)/ Cobalt blue 

 

Detailed information on the 

layer structure, size and 

dispersion of pigment grains in 

paint layer. 

MUM 

Hercules Center, 

University of Évora 

ATR-FTIR Selection of samples from 

Munch’s paint tubes 

 

 MUM 

FT-Raman 

 

Selection of samples from 

Munch’s paint tubes 

 

Identifying organic and some 

inorganic material 

MUM 

μ-FTIR S 1 B (MM.M.491) 

S 2 (MM.M.491) 

Identifying organic and some 

inorganic materials, such as 

pigments, substrates, fillers 

 

Hercules Center 

SEM-EDX S 1 A (MM.M.491) 

S 2 (MM.M.491) 

S 1 (MM.M.559) 

S 1 (MM.M.559) 

S 3 (MM.M.559) 

Identification of inorganic 

components. Detecting the 

chemical component of 

substrate of the organic red 

pigment, since this usually 

consits of different, (inorganic) 

metal salts. EDX mapping 

provides image of the 

distribution of the elements. 

Representation of the cross-

section’s surface topography 

(SEM micrographs) 

 

FERMiO group, 

department of 

Chemistry, UiO 

Hercules Center 

Py-GC/MS S 1 B (MM.M.491) Characterisation of binding 

media 

 

Hercules Center 

GC/MS + μ-FTIR Selection of paint tubes (for 

details see chapter 5, table 3.) 

Determining the binder (organic 

components of the paint) 

Getty Conservation 

Institute (GCI), Los 

Angeles 
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The micro-samples were removed using a size 10 scalpel blade. Samples were either 

analysed as loose flakes or cast in a cross-sections in a 1 x 1.3 cm silicon rubber tray. Cross-

sections were then wet-polished (on a Struers DAP), using silicon carbide mesh papers (SIC, 

330, 1000, 2400). The paint samples were subsequently examined with a range of 

instruments that aimed to characterise the chemical composition of the altered red and blue 

paints.  

 

 

4.2.2 Optical Microscopy (OM) 

Optical microscopy (OM) on samples and cross-sections was documented at different 

magnifications (from 100 × up to 500 ×) using a LEICA DM2500M stereo-zoom microscope, 

coupled with a digital camera, at the Hercules Center, at the University of Évora (Portugal). 

Photomicrographs at Munch Museum were captured (4 × and 10 × objectives) with a Nikon 

Labotop-2 (Nikon DS-Fi1 camera) to document and study samples and cross-sections. 

 

 

4.2.3 Scanning Electron Microscopy and Energy dispersive X-ray 

Spectroscopy (SEM-EDX) 

SEM-EDX analyses were performed in two different stages, and in two different laboratories 

and two sets of equipment. The first SEM-EDX analysis was carried out with a FEI Quanta 

200 FEG-ESEM with an EDAX EDS detector, at FERMiO, department of Chemistry, 

University of Oslo. Environmental operation (ESEM) was executed under a constant water 

pressure, ranging between 30-70 Pa, in the chamber to prevent charging of the samples. Blue 

paint samples from both of the selected works Old Man in Warnemünde and The Drowned 

Boy were analysed (see Table 6). The second SEM-EDX analysis was with a Hitachi S-3700 

scanning electron microscope, at the Hercules Center. This instrument was coupled to a 

Bruker XFlash 5010 SDD energy dispersive X-ray spectrometer with accelerating voltage of 

20 kV. Cross-sections were analysed in variable pressure to preserve the samples for 

subsequent analyses, and images were collected in Back Scattering Electron mode (BSE). 

The BSE images provide morphological information of the sample in up to 256 nuances in 

grey, which may give useful information when choosing location for spot analysis 

(Townsend and Boon 2012, 345). 
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These elements are all detectable by means of pXRF and SEM-EDX. These elements are all 

detectable by means of pXRF and SEM-EDX. As for identifying organic red colorant, FTIR 

might not be the best analytical tool for identifying organic colouring matter, unless the 

sample is pure pigment (Derrick, Stulik, and Landry 1999, 171). 

 

 

4.2.4 Fourier Transform Infrared Spectroscopy (FTIR) 

 

Micro-Fourier Transform Infrared Spectroscopy (-FTIR)  

For this study, analyses were performed on a Bruker Tensor 27 Mid-IR (MIR) spectrometer 

coupled to the HYPERION 3000 microscope, controlled by OPUS 7.2 software, at the 

Hercules Center. The microscope was equipped with a Mercury Cadmium Telluride (MCT) 

detector cooled with liquid nitrogen. Samples S 1 B (MM.M.491) and S 2 (MM.491) were 

analysed in transmission mode using a 15 x objective and an EX’Press 1.6 mm diamond 

compression microcell, STJ-0169. The IR-spectra were plotted in the region of                

4000-600 cm
-1

, with 64 scans and 4 cm
-1 

spectral resolution (unpublished report, Hercules).  

 

A great advantage with FTIR is that it requires small sample material and little or no sample 

preparation (Townsend and Boon 2012, 354). This technique makes it is possible to screen a 

sample and to obtain the general classification of a material based on its major functional 

groups. While FTIR-analyses might allow characterisation of both inorganic and organic 

components in the paints, will the technique provide somewhat limited information when 

paint samples contains mixed media and a variety of natural and synthetic materials. This is 

to be expected when analysing paint samples from nineteenth and twentieth century 

paintings, that often contains components with characteristic absorptions in the same region, 

consequently the detection of certain (unexpected/un-known) compounds might quite easily 

be overlooked (Learner 2004, 34-35). Furthermore based on the absence of major functional 

groups one may rule out several types of materials. With this in mind it is important to 

understand the analytical question framed for each sample before interpretation of the 

spectra. To be able to specify the binding medium, it was necessary to supply the results from 

FTIR with a complementary analysis technique. 
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4.2.5 Pyrolysis-Gas Chromatography with Mass Spectrometry (Py-

GC/MS) 

Pyrolysis gas chromatography with mass spectrometry (Py-GC/MS) may complement FTIR 

analysis for the characterisation of organic materials. In order to specify the organic 

components in the samples S 1 B (MM.M.491), py-GC/MS was used in tandem with FTIR. 

The py-GC/MS equipment used in this study was a Pyrolyzer Frontier Lab PY-3030D, 

double-shot attached to a Shimadzu GC2010 gas chromatographer and to a Shimadzu 

GCMS-QP2010 Plus mass spectrometer, undertaken at the Hercules Center. The preparation 

of the sample (S 1 B, MM.M.491) included, separating the chromatic layers from the 

underlying layers under a stereomicroscope. The sample of approximately 200 μg was 

derivatised in a 50 μL Eco-cup capsule and then placed in a double-shot attached for a two-

minute helium purge, before the sample was pyrolised with a single-shot method at 500 °C 

for 12 seconds. The interface was kept at a temperature of 280 °C. The pyrolysis preparation 

of the sample, was done in order to release the organic constituents that requires high 

temperatures to be extracted, before the analysis. The capillary column used for the 

separation was a Phenomenex Zebron –ZB-5HT, with helium as carrier gas, adjusted to flow 

of 1.5 mL per minute. The splitless injector was operated at a temperature of 250 °C. The GC 

temperature programme was set at 40 °C during five minutes, then ramped up to 300 °C at 5 

°C per minute, with an isothermal period of three minutes. The source temperature was 

placed at 240 °C, and the interface temperature was maintained at 280 °C. The mass 

spectrometer was lined up to acquire data among 40 and 850 m/. The compound 

identification software AMDIS was used according to NIST and the Wiley databases 

(unpublished report, Hercules).  

 

The py-GC/MS analyses provided a specification of the organic components in the sample. 

The identification of binders in all samples from the paintings will be of central interest. This 

technique, although destructive, requires relatively small sample material.  
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4.3 Analytical methods: blue and red paint tubes 

 

Analysis of Edvard Munch’s paint tubes: a selection of blue and red paints  

Research on historical paint manufacture has been central to an ongoing project devoted to 

the study of Munch’s studio materials, at the Munch Museum. A part of this project includes 

performing chemical analysis on the large collection of paint tubes. Results of analysis taken 

from ten samples of red and blue paint tubes from various brands are included within this 

study (Figs. 6 and 7). This was carried out to elucidate to put the samples from the paintings 

Old Man in Warnemünde and The Drowned Boy in a wider context. This was also important 

for providing additional information on the paint formulations, in relation to mixtures, 

additives and fillers.  

 

Samples were taken from Munch’s paint tubes were labelled Cobalt blue, Ultramarine blue 

and various red lakes, such as Carmine, Krapplack and Laque de garance. Ambor, Lefranc 

(France), Lusk & Holtz (Germany), Winsor & Newton (Great Britain), and Mussini 

Schmincke (Germany). These were analysed by means of ATR-FTIR, FT-Raman, at the 

Munch Museum and μ-FTIR and GC/MS at the Getty Conservation Institute.  

 

 

Micro-Fourier Transform Infrared Spectroscopy (μ-FTIR), Attenuated Total 

Reflectance-Fourier Transform Infrared Spectroscopy (ATR-FTIR), 

 Fourier Transform-Raman (FT-Raman) and Gas Chromatography Mass Spectrometry 

(GC/MS) 

The techniques employed to analyse binding media of paints from Munch’s paint tubes were 

Micro Fourier Transform Infrared Spectroscopy (μ-FTIR), Fourier Transform Raman (FT-

Raman) and Gas Chromatography Mass Spectrometry (GC/MS), in additional to the above 

mentioned ATR-FT-IR.  

The μ-FTIR used during this study was a Bruker Optics Vertex 70 FTIR microscope with a 

nitrogen-cooled multiband MCT detector in transmission mode. The spectra were collected 

using the software Opus 6.5 over a range of 600–4000 cm
-1

, with a four cm
-1

 resolution and 

64 scans. The software Omnic (7.1) was used for the manipulation of the spectra 

(unpublished report, GCI).  
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ATR-FTIR was used on one sample from The Drowned Boy, S 1 (MM.M.559), and samples 

taken from Munch’s paint tubes from the Munch Museum’s reference collection. ATR-FTIR 

spectroscopy was performed at the Munch Museum with a Thermo Scientific Nicolet iS50 

FTIR, equipped with DTGS detector and a KBr beam splitter in Mid-IR (4000-400 cm
-1

). 

Paint sample from the paint tubes were placed on the ATR crystal, with a 2.8 mm diameter 

and 2 mm sampling zone. Results from the samples were compared to reference spectra from 

the Munch Museum’s database, and to spectra from the Far-IR region in published sources 

(Vahur, Knuutinen, and Leito 2009, Vahur, Teearu, and Leito 2010). This type of analysis 

aims to detect pigments, fillers and binders (Stuart 2007). 

 

FT-Raman spectroscopy analyses were performed using a Thermo Scientific Nicolet iS50, 

equipped with a 1064 nm HeNe laser.  

 

Paint samples from the tubes were first analysed by µ-FTIR and the results were used to 

guide the subsequent GC/MS analysis. To analyse the binding media, components such as 

free fatty acids, waxes and hydrocarbons, GC/MS was performed using an Agilent 

6890/5973, with Chemstation analysis software. Tert-butyl alcohol and Methprep II were 

added and heated in 60 C° for one hour. To analyse lipidic materials and oils, Meth-prep II in 

toluene (1:2) was used. The column used was a 25 m x 0.2 mm x 0.2 μm DB-5HT, with 

helium carrier gas adjusted to flow 1 mL per minute. The splitless injection was operated at 

280 C°. Transfer line was at 300 C°, and oven temperature was set at 80 C°(two minutes), 10 

C° per minute to 340 C° (12 minutes), and 20 C° per minute to 360 C° (five minutes) 

(unpublished report, GCI).  

 

Additional analyses on paint tube samples performed at the Munch Museum were pXRF, 

ATR-FTIR and FT-Raman. Instrumentation and methods are described above. 

In samples containing drying oil, the mono-unsaturated oleic C18:1 acid were detected in 

variable amounts. Oils oxidise and undergo chemical changes under normal conditions, as the 

drying oil ages the C18:1 component will be reduced. As expected when analysing a sample 

containing aged oil, most of the unsaturated fatty acids are reduced (Mills and White 2004, 

171), so the identification will be based on the proportion of the presence of the remaining, 

and less reactive, saturated fatty acids in the paint (Schilling and Khanjian 1996, 220). Using 

GC/MS technique it is possible to differentiate between types of drying oils, such as linseed, 

poppy and walnut, based on the relative amounts of the saturated fatty acids palmitate (C16) 
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and stearate (C18) (P/S). In addition, the amount of azelaic (C9) (A) acid is used to distinguish 

these three types of oil. For example, a high content of azelaic suggests that the binding 

medium consists of a walnut or poppy oil. In general P/S ratio indicating linseed oil is 

between 1 and 2.2, for poppy oil greater than 3.0 (Mazurek 2017, Mills and White 2004). 
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Figure 6 Analysed blue paints from five of Munch’s tubes. All of them are labelled as oil paints. From top 

left, Lusk & Holtz, Winsor & Newton, Mussini Schmincke, Winsor & Newton and Lefranc. 

 

Figure 7 Analysed red paints from five of Munch’s paint tubes, from the left, Lefranc, Lusk & Holtz, two 

from Ambor and Mussini Schmincke.  
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No. 6 

Mussini 

Schmincke 

(MOR. 1.1) 
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5 Paint tubes, Old Man in Warnemünde 

and The Drowned Boy: analytical results 
 

The aim of this study was to characterise the components of the paint taken from the 

paintings and to compare the results with existing research and on case studies of Munch’s 

contemporaries. To this end, specific analyses were undertaken to examine the phenomena 

seen as colour variations on the surface of monochrome paint layers, and to assess whether or 

not these are part of degradation processes.  

 

As described in Chapter 4, were the paintings examined visually and with digital and optical 

microscopy and pXRF. Micro samples were then collected from selected locations from Old 

Man in Warnemünde (Figs. 4, and 9) and The Drowned Boy (Fig. 12), specifically from 

monochrome paint strokes in blue and red areas that have degraded. Significantly, as these 

phenomena seem to recur in paintings in the museum’s collection. 

 

The samples from the paintings and tubes were analysed using, OM, ATR-FTIR, μ-FTIR, 

SEM-EDX, and GC/MS (see Table 6). The results of these analyses are summarised in Table 

7 and are presented thereafter. 
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Table 7 List of samples and summary of results from a selection of Munch’s paint tubes from the 

collection 

Inv. 

ID 

Manufacture 

Colour/media 

on the label 

Pigments, fillers/extenders 

(pXRF, ATR-FTIR, FT-

Raman) 

 

Binding media (ATR-

FTIR, GC/MS) 

Comments 

LHB 

1.1 

Lusk&Holtz 

Cobaltblau hell 

(Cobalt blue/oil) 

Ultramarine blue 

Sulphate, metal soap, iron oxides 

(?) 

Drying oil (Linseed) 

Gum, oil, resin 

The paint content of 

the tube is hard. The 

cap of the tube was 

missing.  

 

WNB 

1.1 

Winsor&Newton 

Cobalt blue/oil 

Cobalt blue 

Carbonates, metal soaps 

Drying oil (Poppy) The paint content 

inside the tube is 

hard.  

 

MOB 

2.1 

Mussini Schmincke 

Ultramarin dkl 

(dark)/oil 

Ultramarine blue 

Zinc oxide (?) 

Drying oil + beeswax The paint inside the 

tube is still soft. The 

cap was missing.  

LFB 

2.1 

Lefranc 

Outremer no. 1 

(dark)/oil 

 

Cobalt blue 

Alizarin 

Drying oil and beeswax Still soft paint inside 

the tube.  

WNB 

6.1 

Winsor&Newton 

Deep Ultramarine 

(dark)/oil 

Ultramarine blue 

Titanium oxide (?) 

Silicates, sulphate 

 

Drying oil (linseed) 

 

Soft, almost liquid.  

MOR. 

1.1 

Mussini Schmincke 

Krapplack no.6/oil 

Alizarin 

Phosphate, sulphate, aluminium 

oxide, metal soap 

 

Drying oil and beeswax Paint inside the tube 

is hard. The cap is 

missing.  

AMR. 

7.1 

Ambor 

Laq. de garance 

(pale)/oil 

Alizarin 

Phosphates, sulphates, aluminium 

oxide, silicate (traces), metal soap 

Drying oil (poppy) Paint inside the tube 

is hard. Cap is 

missing 

AMR. 

8.1 

Ambor 

Laq de garance foneée 

(dark)/oil 

 

Pigment, not detected 

Phosphate, aluminium oxide 

 

Drying oil (poppy) Paint completely 

hard.  

LFR 

1.1 

Lefranc 

Laque de garance 

foncée (dark)/oil 

Alizarin 

Phosphate, sulphate, aluminium 

oxide 

 

Drying oil (poppy) Paint is hard. Cap is 

missing.  

LHR. 

1.1 

Lusk&Holtz 

Carmin/oil 

Alizarin 

Phosphate, sulphate, aluminium 

oxide 

Drying oil (linseed) Still soft paint. 

(granular texture)  
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5.1 A summary of results on a selection of Munch’s paint 

tubes 

 

5.1.1 Cobalt blue and ultramarine blue paints 

 

Pigments 

Results from the paint tubes labeled cobalt blue and ultramarine blue, showed inconsistencies 

in relation to pigments detected. Ultramarine pigment was found in paint tube labeled cobalt 

blue (LHB 1.1) and the deep ultramarine blue paint tube from Lefranc (LFB 2.1) cobalt blue 

and alizarin was detected. 

Additives and extenders  

In the ultramarine blue from Mussini Schmincke, (MOB 2.1) the addition of zinc white was 

detected. Titanium oxide was detected in the deep ultramarine blue paint from Winsor & 

Newton (WNB 6.1).  

 

5.1.2 Red lake paints 

 

Types of organic red pigments 

Alizarin was the detected colorant in five out of the six tubes labeled under different red lake 

paints. The colorant from the sample taken from laque de garance foncée, from Ambor 

(AMR. 8.1) was not clarified by the analysis.  

Additives and extenders  

Barium and zinc sulphate were detected in paints from the tubes of Carmin from Lusk & 

Holtz (LHR 1.1) and laque de garance foncée, from Lefranc (LFR 1.1), which is interpreted 

as lithopone.  

Aluminium oxide was detected in all of the red lake paints (MOR. 1.1, AMR. 7.1, AMR. 8.1, 

LFR. 1.1, and LHR. 1.1), and may be interpreted as the inclusion of the extender hydrated 

alumina (aluminium hydroxide Al (OH)3) (Kirby et al. 2003, 35). It is a transparent white, 

and has also been used as substrate for lakes as filler material.  
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5.1.3 Binding media 

The binding medium used was in general linseed or poppy oil. In MOR 1.1 and LFB 2.1 a 

mixture of drying oil and beeswax were detected. The cobalt blue paint from Lusk & Holtz 

(LHB 1.1) contained a more complex mixture, linseed oil with gum and resin. 

Specification of drying oil was not possible when beeswax was present (MOR. 1.1, LFB. 2.1, 

MOB. 1.1) due to the large amount of palmitic acid in beeswax (Unpublished report GCI, 

Mazurek 2017).  

 

 

Wax 

Characterisation of beeswax by means of FTIR show strong bands in the region of 3000–

2800 cm
-1 

(C-H stretching bands). It has additional confirming bands at 1470–1469 cm
-1

, and 

730–720 cm
-1

 that are indicative of the presence of beeswax (Keune et al. 2008, 834).  

 

 

Degradation compounds typically found in aged oil paint 

Fatty acids will evaporate through the surface, although short chained fatty acids, like fatty 

diacids will generally be trapped in the film. An aged oil film is therefore expected to contain 

an increasing amount of acidic oxidation products (Stuart 2007, 119). Large amount of 

diacids (C2 –C10) detected in an oil sample will indicate a high degree of oxidation, although 

the content of diacid will vary according to pigment present Moreover, the ratio of azelaic 

and plamitic acids (A/P) might also be used to give an indication on the degree of oxidation, 

although this will not provide an exact interpretation. 

 

The degradation of the binding media was indicated by the presence of metal soaps, detected 

in the samples from AMR 7.1, MOR 1.1, WNB 1.1 and LHB 1.1. Indications of soaps in the 

paint might be a relatively high proportion (increase) of palmitate in the sample analysed 

(van den Berg, van den Berg, and Boon 1999, 248). Such results might be expected when 

analysing samples consisting of synthetic ultramarine from the painting and the paint tubes in 

the collection. The aging of paint with such additives may result in blooming or efflorescence 

visible, as the free fatty acids or metal carboxylates migrates to the surface (Schilling, 

Carson, and Khanjian 1999, 247).  
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5.2 A summary of results on the painting Old Man in 

Warnemünde (1907) 

 

Old Man in Warnemünde was selected as an object in this study as it presents colour 

variations in monochrome paint layers in both red and blue areas. The phenomena are visible 

advanced deterioration including the changes in colour. 

 

 

Old Man in Warnemünde (MM.M.491/ Woll no. 755) 

Old Man in Warnemünde is an oil paint on canvas. The canvas is twill weaved canvas with 

an even layer of light coloured ground. The subsequent paint layers are a combination 

mixture of broad brushstrokes, thickly applied outlines of figures and dabs of colours applied 

wet-on wet. Additional paint layering over dried paint, and also scraping (with a sharp tool, 

perhaps the end tip of a paint brush), indicates that the painting was reworked in several 

stages. This is despite the immediate impression of the motif, created with simple lines. 

 

 

Condition and treatment history 

The painting was re-stretched/re-mounted onto a new stretcher in 1953, as was the case with 

the majority of the canvas paintings in the collection. The instability of certain paints, due to 

cracking is mentioned already in treatment report entries from 1955, which noted that the 

paint layer was consolidated using a 7 % solution of rabbit skin glue to secure flaking, 

followed by a surface cleaning with water. The pronounced cracks in local areas, resulting in 

unstable paint are repeatedly commented on and locally treated after subsequent exhibitions 

over the years from the 1970s up until today.  
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Table 8 List of samples and summary of results from analysis from Old Man in Warnemünde 

 

Sample 

ID 

Colour UV pXRF SEM-EDX μ-FTIR GC/MS 

S 1 A 

(MM.M.

491) 

Blue paint fragment, 

showing both bright 

blue colour and 

darkening. Sampled 

from the outlining paint 

stroke of the figure in 

the background, on the 

left.  

 

No 

fluorescence

, but has a 

slightly 

greenish 

shine in the 

darkened 

areas. 

 

Pb, S, Si, 

Fe, Al 

 

Si, S, Al, Na 

(ultramarine 

blue) 

Pb (lead 

drier?/lead 

white?) 

(K), (Ca) 

(calcium 

carbonate filler, 

potassium?) 

  

S 1 B 

(MM.M.

491) 

Same as the above. 

 

Same as the 

above. 

 

  Drying oil 

(indicated by 

two sharp peaks 

at 2918 and 

2850 cm -1, and 

bands at 1463 

and 1380 cm-1) 

ultramarine blue 

(vibrations in 

750–650 cm-1, 

and a broad 

absorption 

around 3417 

cm-1) 

 

Heat-bodied 

linseed oil (A/P 

0.81 and P/S 

1.24, with a 

S/A ratio of 

0.37) and 

beeswax. 

 

S 2 

(MM.M.

491) 

Red paint sample. 

Darkened on top 

No 

fluorescence

, but has a 

slightly 

greenish 

shine in the 

darkened 

areas 

 Al, P, Ca, Sn. 

Na 

(aluminium/calc

ium and/or 

tin/calcium 

substrate) 

(Phosphate as 

precipitation 

agent?) 

Alizarin; 

absorption 

bands in the 

region at 3389 

cm-1 Additional 

bands appearthe 

possibed at 

2929 and 2855 

cm-1, at 1712 

cm-1 

Absorption 

band at 1638 

cm-1, and bands 

at 1590 and 

1468 cm-1 
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Figure 8 Old Man in Warnemünde. Outlined areas marking the location of detail images taken with 

HIROX RD-2000. Fig. 9, altered blue paint, in the background and Fig. 10, red paint outlining the 

cobblestones in the foreground. These areas were also the areas of the pXRF measurements. 
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Figure 9 Detail image ultramarine blue paint in Old Man in Warnemünde. It shows the darkening as seen 

on the surface. The darkened area looks slightly glossier than the bright blue area. Photo credits: Emilien 

Leonhardt, 2017 HIROX RD-2000. 

 

 

  

Figure 10 Detail of the thickly applied red lake paint (Old Man in Warnemünde). Typical features are the 

deep cracks and the uneven darkening. Photo credits: Emilien Leonhardt, 2017 HIROX RH-2000. 
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Ultramarine blue paint 

The ultramarine blue paint has a deep blue colour with local areas that look darker, almost 

black. The dark areas seem to be localised on the surface and on the ridges of the impasto. 

This is visible in the image taken with the HIROX microscope (Fig. 9). This detail image of 

Old Man in Warnemünde, from an outline of a figure in the background (see Fig. 8, for 

location), shows an old loss at the tip of the impasto, a brighter blue colour is visible in the 

centre of the darkened paint. Another observation visible under magnification is that the 

darkened areas have a shine to them, and look glossier on the surface, by contrast to the 

brighter blue areas of the paint stroke. The blue paint shows no fluorescence under UV light, 

although the darker areas show a slightly greenish tint.  

 

The pXRF measurement was taken on the dark blue, blackened edge of the paint stroke in the 

sampling area for S 1 (A, B and C, MM.M.491). The elements detected were lead (Pb), 

silicon (Si), iron (Fe) and aluminium (Al), which suggest that this passage includes 

ultramarine blue.  

 

Lead was detected, likely related to the white ground layer, which probably contains lead 

white (as seen between the pink underlying the blue paint stroke in Fig. 9). SEM-EDX 

analysis of S1 A (MM.M.491) showed the presence of sodium (Na), silicon (Si), aluminium 

(Al), sulphur (S), potassium (K), calcium (Ca) and lead (Pb), confirming ultramarine as the 

pigment (Appendix . Lead was however also evenly distributed in the bulk of the blue paint, 

visible in elemental colour mapping, which suggests that a lead containing drier, or the lead 

white pigment were components of the mixture.  

 

The homogenous grain size and structure is characteristic for synthetic ultramarine, as 

revealed in SEM micrograph (Appendix 3, Fig. 2). The elements look evenly distributed in 

EDX elemental colour mapping of sample S 1 A (Appendix 4). The ultramarine pigment in 

sample S1 B was identified in the μ-FTIR spectrum (Fig.11 a) by the strong absorptions 

around 1150–950 cm
-1

. The broad absorption around 3417 cm
-1

 is also a fingerprint for the 

ultramarine. The presence of oil is indicated by two sharp peaks at 2918 and 2850 cm 
-1

 that 

relates to the C-H bending and by the C=O stretching band at 1721 and 1709 cm
-1

. 

Characteristic for linseed oil are bands at 1463 and 1380 cm
-1

, and at 718 cm
-1 

(Ferrer et al. 
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forthcoming) (Mills and White 2004, 170-172). The results from py-GC/MS of S1 B 

indicated the presence of a heat-bodied linseed oil and natural wax (Appendix 6). 

 

 

Red lake paint 

The red paint in Old Man in Warnemünde is dark red in colour, and has a translucent quality 

(Fig. 10). The colour of this paint is uneven on the surface. Moreover, are there additional 

anomalies and signs of deterioration in this red paint. This includes deep perpendicular 

cracking, areas with local formation of yellow crust, and areas with dark, almost black 

colour. Observations using the digital microscope (HIROX RD-2000) of the red impasto 

painted area in Old Man in Warnemünde revealed in one of the deep perpendicular cracks, 

that the darker areas in this paint layer were not only limited to the top layer. The darker 

red/almost brown colour could also be seen along the lower part of the paint stroke. It looks 

as if the colour variation between red and brown/black is unevenly distributed within the 

paint layer, as the dark colour was seen both on the top as well as in the bottom part within 

this paint. This observation might rule out that this is a substance or darkening that only rises 

to the top, (as seems to be the case with the ultramarine paint). Under magnification some 

areas appear as a black ‘marmalade’. The red paint has in general a slightly sticky surface 

appearance. Even though the paint has hardened, is it evident that dust and small particles 

have in particular been accumulated in these areas, which suggest that this paint dried slowly.  

 

Another characteristic feature that is clearly visible under high magnification was the higher 

degree of glossiness of the dark areas covering the top of the paint.  

 

SEM-EDX analysis of S 2 (MM.M.491) confirmed the presence of phosphorus (P), calcium 

(Ca), tin (Sn) and zinc (Zn). Aluminium (Al) was also is present, and gathered in larger 

clusters in the sample (see elemental mapping and spectra of S 2, MM.M.491. Appendix 9). 

The presence of mercury (Hg) was interpreted as the possible inclusion of vermilion (HgS). 

The μ-FTIR spectra of S 2 (MM.M.491) (Fig.11 b) showed absorption bands in the region at 

3389 cm
-1 

(hydroxyl group) characteristic of alizarin. Additional bands appeared at 2929 and 

2855 cm
-1

 (C-H stretching bands), at 1712 cm
-1

(C=O stretching). Together with absorption 

band at 1638 cm-1, characteristic of C=O functional group, and the bands at 1590 and 1468 

cm-1, which correspond to the C=C functional group, these are indicative of anthraquinone 

molecules (Ferrer et al., forthcoming).  
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Figure 11 a) and b). Micro-FTIR spectra a) S 1 B (MM.M.491), ultramarine blue and oil. Spectra b) of S 

2 (MM.M.491) alizarin. 
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5.3 Summary of results from The Drowned Boy (1907– 

1908) 

 

The Drowned Boy was selected for this study based on the patchy appearance of blue paint 

used to outline the figures.  

 

 

Table 9 List of samples and summary of results of analyses of The Drowned Boy 

 

Sample ID Colour 

 

UV pXRF SEM-EDX 

S 1 

(MM.M.559) 

Blue paint – 

sampled from 

an area mostly 

darkened blue 

coloured area 

Bright blue, and the 

darkened areas 

show a greenish hue 

under UV 

Spot near no. 17. Co, 

Pb 

(minor elements 

detected: Cd, Zn, Fe, 

Ca, Al, Si, P, Cr, As, 

Cu, Ba/Ti?, Mn?) 

(spot no. 17) 

 

Al, Co, P, Si and Ca.  

S 2 

(MM.M.559) 

Uneven blue 

paint – 

 sample 

contains both 

bright and dark 

blue paint 

 

Uneven greenish 

fluorescence 

Spot near no.:1 and 2.  

Dark/black blue area: 

Co, Pb.. (Minor 

elements detected: 

Zn, Fe, Cr, Ca, Al, Si, 

P, Cd) 

 

 

S 3 

(MM.M.559) 

Blue paint – 

sampled from a 

predominantly 

matte, bright 

blue area  

Bright blue 

fluorescence 

Spot near no.: 10, 13 

14. Pb, Co. Minor 

elements detected: 

Fe, Zn, Ca, P, Si, Al, 

Mn, Cr, Cd, Cu, Hg. 

Al, Co, P, (Si), (Ca) 
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The Drowned Boy (MM.M.559/ Woll no. 759) 

The Drowned Boy is an oil painting on canvas. The canvas is tabby weave, with a light 

coloured, even ground. The appearance of the painted surface of The Drowned Boy is in some 

respects similar to that of Old Man in Warnemünde. The relatively thick paint, applied with 

seemingly little manipulation especially for outlining figures, appears as if it were applied 

directly from the tube onto the surface. The light coloured ground remains visible over large 

areas of the painting, which is often seen in works within the Munch Museum’s collection. 

This painting is an example of how Munch used both heavy impasto application coupled with 

its polar opposite, thin and diluted oil paint, which are more prominent in Munch’s later 

works. Munch appears to push the boundaries of depicting figurative elements in highly 

simplified form. For example, the dog in the foreground to the right, or the horse on the left, 

both seems to be rendered with as few strokes of paint as possible, and as such reminiscent of 

a long or double exposure in a photograph. 

 

 

Condition and treatment history 

The painting was stretched onto a new stretcher in 1960. As the case with Old Man in 

Warnemünde, paint losses and cracks were noted in the conservation reports in the late 

1970s. The painting underwent a surface cleaning using water and soap, which are not 

specified further. The instability of certain paints is a recurrent issue. Records from the 1990s 

report insufficient adhesion between pictorial layers, especially where the paint has been 

applied thickly.  
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Figure 12 Sample locations are numbered 1-3.The samples were taken from blue paint that has visible 

alterations on the surface.  Oulined area mark the location of the photomicrography Fig. 13, which 

illustrates the darkening of colour, characteristic of this blue paint. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 13 Detail of the dark, almost black and blue unevenly coloured paint stroke. The bright 

blue area of the paint stroke has a dry and porous surface. Photo credits: Jin Strand Ferrer, 2014 

Zeiss OPMI Pico/Canon EOS 550D. 
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Phosphorous is evenly distributed throughout S 3 (MM.M.559), as are cobalt, aluminium and 

calcium. Silica is visible as larger grains in the sample (see Appendix 15, EDX elemental 

mapping of S 3). The elemental composition of the same sample in cross section 

corresponded to the pigment cobalt blue, categorised as Thenard’s blue.  

 

The sample taken from a predominantly bright blue area (S 3 MM.M.559) had 

characteristically more fissures running through the bulk of the paint, an observation that 

accords with the matt and porous surface in the bright blue area (see Fig. 14 of S 3, 

MM.M.559, SEM micrograph). 

 

These preliminary findings points towards issues centring on how specific pigments interact 

with the oil. The colour variations observed on both the cobalt blue and ultramarine blue 

paints, where the darkened areas have semi-glossy surfaces, and the areas that retain a bright 

blue colour have a generally matte, and porous surface. Added with results from EDX 

mapping, which show that the inorganic elements are evenly distributed, on both on bright 

and dark blue areas of the samples, might suggest that the darkening is due binder 

components have migrated unevenly within these paint layers.  

 

 

 

Figure 14 Sample S 3 (MM.M.559) SEM-EDX spectrum, Al, Co, P, Ca identifying cobalt blue pigment. 

The presence of P, possibly Thenard’s cobalt blue. 
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6 Discussion 
 

The discussion of results is organised by the deterioration phenomena observed in blue and 

red paints in Old Man in Warnemünde and The Drowned Boy. The results are discussed in the 

context of ongoing studies of modern oil paint.  

This study, which focussed narrowly on two paintings in the Munch Museum collection, has 

been a first step in the process of identifying causes related to the discolouration and other 

deterioration phenomena in other paintings. This topic is complex, given the range of 

materials and possible manufacturing processes, and ultimately chemical interactions. Thus, 

there are many avenues for further investigation, which will be presented as part of the 

conclusion (Chapter 7). 

 

 

6.1 Munch’s paint tubes 

 

Evidence of adulteration or substitution of materials in paint manufacturing is confirmed by 

the results from the small selection of cobalt blue and ultramarine blue paint tubes presented 

in this study. The two paint tubes labeled cobalt blue had different pigments detected. The 

paint manufactured from Lusk & Holtz contained ultramarine blue, rather than cobalt blue 

pigment. The substitution of ultramarine for cobalt blue is more to be expected, than the other 

way around, due the more expensive production of cobalt blue (of the type CoAl2O) (Mayer 

1991, 70). The paint tube labelled deep ultramarine from Lefranc contained, however cobalt 

blue and alizarin.  

Poppy oil was detected in red lake paints from the French manufacturers, Ambor and 

Lefranc. The discoloration of the drying oils was great concern at the time, and consequently 

a topic that often appeared in the literature (Carlyle 2001, 258-260). One measure to mitigate 

the darkening/and or yellowing of the paint was to add substances like gums and resins, in 

this way reducing the amount of the material liable to discoloration in the paint formulae. 

Such a mixture was found in the tube containing cobalt blue paint (LHB 1.1). Linseed oil was 

particularly prone to yellow over time, due to the linolenic acid component (Mills and White 
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2004, 40). Hence, certain colours, such as white and lighter blue were often mixed with 

poppy oil instead of linseed.  

 

6.2 Issues concerning blue paints 

 

Both blue paints investigated in this project (ultramarine and cobalt blue) show signs of 

degradation that have been frequently observed on works of art with these similar blue paints 

from the early-twentieth century onwards (Izzo et al. 2014, Vaudremer et al. 2018, Wijnberg 

2013, Burnstock et al. 2006, Graczyk et al. Proceedings from 2018 conference, forthcoming). 

These issues seem to relate to the problems reported in the early production of these oil paints 

as discussed in chapter 2 and 3.  

 

 

6.2.1 Colour change: darkening 

 

Ultramarine blue 

The results from μ-FTIR confirmed the presence of the pigment ultramarine blue in Old Man 

in Warnemünde. Additionally, the analysis detected the presence of a drying oil. 

Complementary py-GC/MS analysis suggested a heat-bodied linseed oil as the binding 

medium, as well as natural wax. Besides the heat-bodied linseed oil the presence of a drier 

could be expected, as ultramarine is known for its poor drying properties in oil.  

 

Most metal driers in paint formulae in early-twentieth century were lead, cobalt and 

manganese (Bews 1961, 31). As discussed in chapter 2, driers were often added during 

manufacture and preparation of the oils that were used in pre-prepared paints to speed up its 

drying time. A study by Klaas Jan van den Berg et al. (2002) has supported the connection 

between binding media treated with lead driers and the subsequent darkening of the paint. 

Their study addressed nine paintings dated between 1834 and 1920, with darkened surfaces 

(see Table 3). The identified binding media were heat-bodied and non-heated linseed oil, with 

the addition of beeswax in some of the samples, and consistent component of all was the 

presence of lead drier (2002). Lead-containing driers could be detected with some certainty 

by means of SEM-EDX in paints with pigments not containing lead (2002, 469). 
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Lead was detected in sample of the ultramarine blue paint from Old Man in Warnemünde, S1 

A in SEM-EDX. The presence of lead in the sample provides a possible explanation for the 

darkening of the ultramarine blue paint. This corresponds with both historic reports on the 

possible formation of the dark-brown material, lead sulphide, and recent research concerning 

general darkening of the binder due the addition of lead driers.  

 

The phenomenon of blackening may alternatively be seen in relation to reports on similar 

phenomena, reported during the early manufacturing of synthetic ultramarine. As the pigment 

became available on the market, it was noted that the paint had issues of blackening, at the 

time attributed the presence of impurities, or to the additions of iron, lime, magnesia or 

potash (Carlyle 2001, 473). The blackening was also, at the time, connected to the mixing of 

synthetic ultramarine and lead white. According to the author of handbooks on pigments, 

H.G. Standage in 1887, synthetic ultramarine mixed with lead white was particularly prone to 

unanticipated blackening (2001, 473).  

 

In relation to the uneven darkening observed in Munch’s works, research with specific focus 

on degradation phenomena has recently emerged associated with synthetic ultramarine paints 

similar to the ones seen in Munch’s work. An investigation presented in 2018, on the 

degradation of synthetic ultramarine, centred on pigment and binder separation (Vaudremer 

et al. 2018). This study furnished a possible explanation for the irregularity of darkening 

featured in the blue paints used by Munch. Madeleine Vaudremer et al. imply that the 

hydrophilic nature of the ultramarine pigment rejects the binding medium, thus causing 

components of the binder either to migrate to the surface, or to gather in isolated clumps. 

This reaction is believed to occur even before the paint film has properly cured.  

 

 

Cobalt blue 

The yellowing of the binding medium is well known and results the blue taking on an 

unwanted greenish tinge, which could develop even further upon exposure to pollution and 

subsequently result in a black surface colour, as discussed in chapter 2. The darkened areas of 

the cobalt blue paint strokes in The Drowned Boy have an almost black colour. Blackening 

would, according to Field, be due to a reaction between the arsenic component in the cobalt 

blue pigment, and pollution containing sulphur. The pXRF measurement on a darkened area 
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of the cobalt blue paint detected arsenic as a minor element (see Table 9, S 1 MM.M.559). 

However, SEM-EDX analysis of S1 (MM.M.559) did not record arsenic.  

 

At present these results are inconclusive, and needs to be revisited to investigate components 

that might inadvertently have been ignored in order to clarify inconsistencies between the 

results of the different analysis.  

 

The partially powdery or brittle character of both ultramarine and cobalt blue paints has led to 

insufficient cohesion, and/or to the underlying layers depending on the degree of 

deterioration. The pronounced cracking and general instability in the blue areas is a 

characteristic feature in several of Munch’s work. A factor that may partly be the cause of 

embrittlement of these paints are environmental factors, such as high humidity and past 

treatments involving water (Stoveland et al. 2018, 93), which are seen on blue paints on both 

Old Man in Warnemünde and The Drowned Boy.  

 

The darkened areas in Old Man in Warnemünde and The Drowned Boy have a slightly 

greenish fluorescence under UV-light. The question whether these apparently random 

distributed areas of dark and glossy blue colour, adjacent the matte and bright blue, 

correspond with the theory that components within the paint layers have separated and 

migrated is a proposed topic for future study.  

 

 

6.2.2 Water sensitivity 

A general problem that affects Edvard Munch’s paintings in the Munch Museum collection is 

water sensitivity. Some typical characteristics have been highlighted in conservation research 

on modern paints, such as the presence of particular components like diacids and specific 

metal salts (Bay et al. 2017, Lee et al. 2017). The presence, and formation of diacids is 

connected to particularly medium rich paints (Burnstock and van den Berg 2014, 9), such as 

the pigments studied in this dissertation, which all requires relatively large amount of oil to 

produce a satisfactory paint consistency. Diacids are a by-product of an oxidative reaction in 

the binding medium, which results in a polar and consequently water sensitive surface 

(Cooper et al. 2013, 296). 
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6.2.3 Separation of the medium 

The case study of Karel Appel’s painting Archaic Life (1961), may serve as an illustrative 

example of conservation problems encountered concerning ultramarine blue. The blue areas 

in Appel’s painting show different phenomena, such as the seeping of discoloured, brown oil 

(syneresis). There was also pronounced cracking and, local wrinkling, in addition to internal 

delamination within the paint oil (Izzo et al. 2014, Burnstock and van den Berg 2014).  

The separation of the medium as far as seeping out of the paint is something that has not been 

observed in the ultramarine paints Munch used in Old Man in Warnemünde. However, the 

delamination and exposure of a brighter blue colour, is a phenomenon frequently observed in 

paintings in the museum’s collection. 

 

 

6.3 Issues concerning red lake paints 

 

The most reported phenomenon of instability in connection with organic red pigments is 

fading, but there are other types of deterioration commonly associated with red lake paints. 

These are spotting, darkening and pronounced cracking. These three are the phenomena 

observed in the red lake paint used by Munch in Old Man in Warnemünde, and in the red lake 

paints used by Vincent Van Gogh, as discussed in Chapter 3.  

 

The presence of alizarin detected by μ-FTIR in the red paint sample S 2 (MM.M.491) might 

indicate that the red colorant was extracted from madder. Whether the alizarin in sample S 2 

(MM.M.491) is of natural or synthetic origin was not possible to determine with this analysis, 

but would require other chromatographic instrumentation, which was beyond the 

opportunities for the study. However, the identified inorganic compounds in S 2 

(MM.M.491) might suggest nevertheless the presence of two different substrates: tin/calcium 

and an aluminium/calcium. Hence, the presence of two lake pigments is a possibility. The 

presence of a number of elements in the substrate may often make the interpretation more 

difficult. The major element present is often aluminium, but detection of sulphur, 

phosphorus, silicon, magnesium, potassium and calcium are also common, probably due to 

the process of making the pigment (Degano et al. 2017, 2), therefore, these results remains 

preliminary. 



 73 

 

Red lake paints could often contain both natural and synthesised organic red pigments 

(Mecklenburg, Tumosa, and Vicenzi 2010, 60), as well as the addition of vermilion 

enhancing the redness of the paint (Townsend et al. 1995, 67). The detection of mercury (Hg) 

in the red lake paint sample from Old Man in Warnemünde was interpreted as the inclusion 

of vermilion. The inorganic components identified, as phosphorous (P) seen in the EDX 

elemental mapping (Appendix 8) might stem from several components. Low content of 

phosphorous in red lake samples might be indicative of the colorants source. However, higher 

quantities, such as in the red lake sample S 2 from Old Man in Warnemünde, suggest that 

these components originate from the manufacturing process, e.g., sodium phosphate, which is 

reported compound used as a precipitating agent (Kirby, Spring, and Higgitt 2005, 72-73). 

 

Noted tendencies based on 52 samples of red lakes analysed from van Gogh’s paintings from 

the period 1885–1888 was that cochineal red lakes precipitated on calcium/aluminium salts, 

was observed to be more stable than the ones that had tin containing substrates (van Bommel, 

Geldof, and Hendriks 2005, 130). Cochineal, distinguished by the presence of carminic acid 

was found as the main colorant in the majority of the red lake paint sampled from van Gogh’s 

paintings (2005, 114). The cochineal-based red lakes were labelled under varieties under the 

headings of Carmine, Crimson and Scarlet by Winsor & Newton (Vitorino et al. 2017, 2). It 

is however worth noting, as Carlyle stated, that these names were not used consistently to 

denote and distinguish the types of lakes, but could be used on colours resembling the ones 

extracted from cochineal (2001, 506), as demonstrated in the case of the identified colorant 

(LHR 1.1) labelled Carmine from one of Munch’s paint tubes. Alizarin was detected in the 

sample from Old Man in Warnemünde. Furthermore, red lakes that contain tin (Sn) (van 

Bommel, Geldof, and Hendriks 2005, 115), as detected in the S 2 (MM.M.491) from 

Munch’s work, tend to be unstable.  

 

 

6.3.1 Cracking 

Several of the red lake paints used by van Gogh, formed deep cracks (Burnstock et al. 2005, 

464). These were especially pronounced where a single unmixed colour was applied thickly, 

similar to the red lake employed by Munch. Tin-containing red lakes have been identified in 

paintings by e.g. Pierre Auguste Renoir’s La Loge (1874) and in Vincent van Gogh’s Glass  
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with Yellow Roses (1886). Passages painted with red lake on some of these works exhibit 

deep localised cracks (see Table 4), similar to the cracking of red lake paint in Old Man in 

Warnemünde. Tin-salts were added to a cochineal solution to obtain the brilliant scarlet red, 

carmine pigment and were associated with French carmine manufacture by Henry Newton 

(of Winsor & Newton) (Kirby, Spring, and Higgitt 2007, 81).  

 

This type of deterioration phenomenon corresponds with the outcome from artificial aging of 

reconstructions of tin-containing lakes in general, and in particular when starch was added 

(Burnstock et al. 2005, 465). Moreover, has an experimental study investigating lightfastness 

and the effect of the substrate showed that tin-containing lakes seemed to be more fugitive 

than lakes on other types of substrates like the aluminum-based (Saunders and Kirby 1994, 

88) 

 

 

6.3.2 Spotting 

Spotting, a deterioration phenomenon that is associated with the formation of a cluster of 

intensely red areas, unevenly distributed in the red lake paint van Gogh used in Glass with 

Yellow Roses; Flame Nettle in a Flowerpot and Montmatre; behind Moulin de Galette is 

worth investigating further in comparison with the red lake paint in Old Man in Warnemünde, 

based on the description of the visible deterioration. Spotting is a distinct feature also seen in 

Munch’s painting. However, in the Van Gogh study this deterioration was associated with the 

use of Kopp’s purpurin.  

 

 

6.3.3 Discoloration: darkening 

The phenomenon of darkening observed in Munch’s red lake paints, is also present in 

paintings by Van Gogh. Darkening of Van Gogh’s red lake paints were associated with the 

combination of cochineal on a calcium/aluminium substrate (Burnstock et al. 2005, 464). 

Furthermore, the discolouration turning the red paint to brown was observed in paints 

identified with the combination of brazilwood on a tin substrate. Brazilwood lakes in 

particular are known to fade, and turn from red to a brown shade (van Bommel, Geldof, and 

Hendriks 2005, 115). The pronounced darkening in the red lakes used in Bottle with Peonies 
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and Blue Delphiniums and Glass with Yellow Peonies, are interpreted as being the red lake 

type Kopp’s purpurin (redwood and purpurin), which is strikingly similar to the red lake 

deterioration seen in Old Man in Warnemünde. 
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7 Conclusion and further research  
 

In summary, the alterations observed in red and blue paints in Edvard Munch’s paintings Old 

Man in Warnemünde and The Drowned Boy have been examined in a number of ways over 

the course of this project. Firstly, investigations focussed on archival and published sources 

on contemporary paint manufacture. Thereafter, instrumental analyses aimed to characterise 

components, both in samples from a selection of Munch’s paint tubes and in paint samples 

from his paintings. The results of these analyses were also informed by works painted by 

other artists who were active in the same period as Munch.  

An exact identification of the paints composition may be achieved by means of multi-

analytical approach, but it has been the experience working with the research question posed 

in this study difficult to provide complete information on both the inorganic and organic 

components in sample material. The present study will however, contribute to current 

research on early modern painting materials. By presenting these preliminary results adds to 

comparative data on naturally aged (and deteriorated) paint samples that might serve as 

material to both existing experimental studies as well as feed future investigations on issues 

concerning modern paint materials. 

 

It remains uncertain why the red lakes, ultramarine blue and cobalt blue that Munch used in 

Old Man in Warnemünde and The Drowned Boy have darkened unevenly and have changed 

from the surrounding paints. However, certain theories have emerged, provided by historic 

literary research, recent research on case studies, and results from the paintings and paint 

tubes from the Munch Museum collection.  

 

Ultramarine blue paints 

Lead was detected in both pXRF and confirmed by SEM-EDX analysis, and in EDX 

elemental colour mapping of the ultramarine blue paint sample S 1 A (MM.M491), indicating 

the presence of a lead drier or lead white. The addition of white pigment, acting as a filler 

was detected in two of the paint tubes labelled Ultramarine blue that actually contained 

ultramarine blue pigment. MOB 2.1 contained zinc oxide and WNB 6.1 titanium oxide. The 

blackening of the ultramarine blue passages in Old Man in Warnemünde corresponds as such 



 77 

with the reports made by H.G. Standage in 1887, on blackening of ultramarine if mixed with 

lead white. However, the uneven darkening, and the materials’ apparent migration to the 

surface still need clarification. 

 

Cobalt blue paints 

The blackening of cobalt blue paints was, according to Field, due to arsenic components of 

the paint reacting with polluted air. Arsenic was detected in pXRF on a spot close to S 1 

(MM.M.559), but was not confirmed in SEM-EDX analysis. The results from the analyses 

are inconclusive and needs to be revised in order to draw any conclusions.  

 

 

Red lake paints 

The analyses of the red lake paint sample (S 2, MM.M.491) suggested the possibility that this 

red lake was in fact a combination of two: one red lake laid onto an aluminium/calcium 

substrate and the second on a tin/calcium substrate. The admixing of red lakes was common, 

according historic references and results from red lakes paints from contemporaries of 

Munch. Tin-containing lakes are considered to be unstable, and are associated with cracking 

and fading. The deterioration phenomenon of spotting, which visually might seem to 

correspond with the red lake in Munch’s work, was also identified in Van Gogh’s paintings, 

but connected to Kopp’s purpurin. Purpurin was however not detected by means of FTIR-

analysis performed on the red lake paint sample (S 2).  

In order to complete a comparison with findings from case studies on works painted by 

Munch’s contemporaries, a more detailed analysis of the red lake paint from Old Man in 

Warnemünde would need to be carried out. Detecting red colorants by means of FTIR did not 

provide sufficient data to complete a meaningful characterisation. Therefore, specific 

analyses that target identification of the organic pigments would require, e.g. High 

Performance Liquid Chromatography coupled to Photo Diode Array (HPLC-PDA) detection, 

a technique that is often used when determining the composition of organic colorants (van 

Bommel, Geldof, and Hendriks 2005, 113).  

The deterioration phenomena observed in ultramarine and cobalt blue and alizarin red lake 

paints is assumed mainly to be related to the manufacturing processes typical before the 
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Second World War. The aging of certain additives and paint materials has proved to be 

unfortunate, resulting in particularly unstable paints. Environmental conditions of high 

humidity and/or previous treatments involving considerable moisture, such as surface 

cleaning with water, might have aggravated the deterioration of these paints.  

This research has ensured that reports from historical colourmakers, and data from recent 

modern paint research has been systematized and arranged, which has led to a specification 

of future research questions. 

 

7.1.1 Avenues for future research 

 

Detailed organic component analyses 

Based on results from this study, the colour changes in these respective paints point towards 

interactions between the binding medium and specific pigments or/and other inorganic 

components. For future projects, it is desirable to focus on the organic components in greater 

detail, e.g., through chromatographic techniques with specific attention to compounds in the 

darkened areas, which might identify those that are migrating to the surface. The 

characterisation of the binding media’s deterioration products might elucidate on the reaction 

occurring with the inorganic components of the paint resulting in the condition observed. 

This type of in-depth knowledge, specifying degradation products and the degree of 

deterioration will as such provide information on the paint’s dynamic behaviour and 

ultimately might indicate (or confirm) what induces or accelerates the process.  

 

 

Experimental studies 

Another topic for future research project would be experimental studies based on artificial 

ageing of samples from selected red lake, cobalt blue and ultramarine blue paint tubes from 

the collection, and to compare these results with results from samples from the paintings.  
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The Munch Museum collection: final remarks 

Edvard Munch left many of his paintings unvarnished, and the majority of the paintings in 

the Munch Museum’s collection remain so to this day. This fact makes these paintings 

perhaps even more susceptible to further deterioration. Many of Munch’s paintings in the 

collection are considered to be fragile due the artist’s technique, especially in regards to his 

extensive exploration to achieve matte surfaces. Moreover, the storage facilities at Ekely was 

poorly suited, and the state of degradation, the fragility and poor condition of many artworks 

were already commented on in 1949 by Ole Dørje-Haug, the first paintings conservator 

appointed to care for the Munch collection (Dørje-Haug 1949). These factors, including 

cracking and flaking, added to problems linked to the manufacture of ready-made paint, make 

studies like this into specific phenomena even more urgent to pursue. Edvard Munch’s 

paintings are frequently in demand for exhibitions and loans all over the world. Determining 

whether or not the alterations are exacerbated by certain storage, treatment and display 

conditions will therefore remain important.  
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Appendix 1. Old Man in Warnemünde (MM.M.491/Woll M 755)

 
  



 

Appendix 2. MM.M.491 Summary of interpretation of pXRF measurements 

NR. 

AREA OF 

ANALYSIS COLOUR MAJOR ELEMENTS MINOR ELEMENTS 

SUGGESTED 

PIGMENTS LAYER DESCRIPTION 

UV 

FLUORESCENCE 

S 1 (0101) Dark blue , 

blackened edges in 

pastose paint stroke. 

Outline of a figure 

in the background 

on the L side 

Dark blue, 

blackening 

on top 

Pb, S(?), Si, Fe, Al 

 

Ultramarine, lead white 

containing ground. 

Opaque dark blue paint 

strokes on top of reddish 

purple opaque paint, white 

ground 

Dark blue under UV 

light, greenish tint 

in the darkened 

area. 

S 2 (0201) Darkened /fading of 

red pastose paint . 

Paint directly 

squeezed from a 

tube? 

Darkened 

/fading of 

red 

pastose 

paint  

Ca, Pb Fe, Zn, Hg, Cl, P, Si Possible inclusion of 

vermilion, calcium salt 

substrate. Phosphoruos  

Thickly applied red paint, on 

top a reddish purple paint on 

white ground 

Uneven 

fluorescence, 

greenish on top of 

darker areas.  

        
        

      

 

 
 

 
        
        
        
        
        
        
        
        
        
        
        
        
         
 

       
        

Old Man in Warnemünde, 1907 
Oil on canvas, © Munchmuseet 



 

Appendix 3. MM.M.491 Sample 1 A OM and SEM-EDX (FERMiO, Dep. of Chemistry, University of Oslo) 

 

 
 

 

  

 

 

 

 

Element Wt% At% 
NaK 08.89 12.30 
 AlK 17.62 20.77 
 SiK 31.90 36.12 
  SK 25.65 25.44 
  KK 02.68 02.18 
 CaK 01.79 01.42 
 PbL 11.46 01.76 
Matrix Correction ZAF 
 

Fig. 1 Optical micrographs of cross section 

of  S 1A (MM.M.491) (x 125 

magnification). The sample contained 

darkened blue paint. Brighter blue paint is 

seen at the left edge of the sample. 

 

Fig. 2 Detail of SEM 

micrograph from the bulk of 

the ultramarine blue paint 

sample. Shows the relative 

small and regular grain size, 

characteristic of synthetic 

ultramarine blue pigment.  

Table 1. Elemental composition 

confirming ultramarine blue: Na, Al, 

S, and SiO2. Additionally, detection 

of Pb and Ca. 



 

Appendix 4. MM.M.491 S 1 A SEM-EDX: Elemental mapping (FERMiO, Dep. of Chemistry, University of Oslo) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Elemental mapping of S 1 A (MM.M491). Pb (bottom right, in purple) reveals the even distribution within the bulk of the ultramarine blue paint 

sample.  
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Appendix 5. MM.M.491 S 1 B OM images and µ-FTIR spectrum (Hercules Center, University of Évora) 

 

 

  
 
 
 
 
 
  
 
 
 
 
 
  
 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 2 µ-FTIR spectra of S 1 B (MM.M.491). The spectrum was obtained on a cross section 

of blue paint fragment (Fig. 1). Ultramarine blue is indicated by vibrations in 750-650 cm
-1

, 

and the broad absorption around 3417 cm
-1

. Drying oil is indicated by the two sharp peaks at 

2918 and 2850 cm
-1

, and bands at 1463 and 1380 cm
-1

. 
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Fig. 1 Optical photomicrographs 100×, of cross 

section S 1 B (MM.M.491) with a) visible reflected 

light and b) UV reflected light. The darkened blue on 

the surrounding the edges of the paint sample, looks 

slightly brighter under UV, than the blue in the 

center. 

a) 

b) 

Fig. 10 µ-FTIR spectrum of S 1 B (MM.M.491). Drying oil is indicated by two sharp peaks 

at 2918 and 2850 cm
-1

, and bands at 1463 and 1380 cm
-1

. Ultramarine blue is indicated by 

the vibrations in 750–650 cm
-1, 

and the broad absorption around 3417 cm
-1

. 
 



 

Appendix 6. MM.M.491 S 1 B py-GC/MS (Hercules Center, University of Évora) 

 

 
 

 

 

  

Fig. 1 Py-GC/MS chromatogram of S 1 B (MM.M.491). Heat-bodied linseed oil (A/P 

0,81 and P/S 1,24. S/A ratio of 0,37) and beeswax. Unpublished report from Hercules 

Center. 



 

 
 

  



 

Appendix 7. MM.M491 S 2 Optical microscopy (Hercules Center, University of Évora) 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Fig. 1 Optical micrographs of sample taken from the red paint in Old Man in Warnemünde, S 2. a) 100 × with reflected visible light, and b) in reflected UV light.  

a) b) 



 

Appendix 8. MM.M.491 S 2 SEM-EDX (Hercules Center, University of Évora) 

 

 
 

 

 

 

 

Fig.1 SE image of the red lake paint layer, revealing particles embedded in the paint matrix. EDX 

analysis detected Ca, Sn, Al, Na, P, and O.  

a) 

b) 



 

Appendix 9. MM.M.491 S 2 EDX elemental mapping (Hercules Center, University of Évora) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
 
 
 

 
 
 

a) 

b) 

c) 

d) 

Fig. 1 b), c) and d) are elemental colour maps of the red lake paint sample S 2, from Old Man in Warnemünde. The red lake paint is on top of the more coarsely grainy paint 

layer. Image b) shows the richly and even distribution of P in the red lake paint layer. 



 

Appendix 10. MM.M.491 S 2 µ-FTIR spectrum (Hercules Center, University of Évora) 

 

 
  Fig.1 µ-FTIR of sample S 2 (MM.M.491), exhibit the characteristic absorption band of alizarin with the hydroxyl functional group at 3389 cm-1, attributed to water 

molecules and -OH groups. The C-H stretching bands appears at 2929 and 2855 cm-1 and the C=O stretching bands at 1712 cm-1. The band at 1638 cm-1 are 

characteristic of the C=O functional group and the bands at 1590 and 1468 cm-1 corresponds to the C=C functional group, also belonging to the anthraquinone 

molecules. 

 

 

 



 

 

Appendix 11. The Drowned Boy (MM.M. 559/Woll M 759) 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 1 The Drowned Boy (1907–1908)  

85,5 x 130,5 cm 

Oil on canvas. Photo credits: Munch Museum/Sidsel de Jong, 1998. 

 

Fig. 2 UV.  

Photo credits: Munch Museum/ Ove Kvavik, 2017. 



 

Appendix 12. pXRF and areas of sampling: The Drowned Boy (1907-1908) MM 559 (Woll M 759) 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

S 1  

S 2  

S 3  

1 
2 3 

4 

5 

17 
16 

10 6 
7 

8 
9 

11 

12 
13 

14 

15 

18 Fig. 1 

Arrows 

points out 

areas for 

sampling of 

blue paint 

(S1-S3). 

Numbers 1-

18 are areas 

of pXRF 

measuremen

ts. 

Interpretatio

n summary: 

1-5: cobalt 

blue 6-9: 

prussian 

blue, 10-13: 

cobalt blue, 

14: mix of 

cobalt blue 

and Prussian 

blue, 15-17: 

cobalt blue, 

18: Pb, Zn, 

Ba (Fe) 

(ground) 

 



 

Appendix 13. MM.M.559 interpretation of pXRF measurements 

 

 

NR. 

AREA OF 

ANALYSIS COLOUR 

MAJOR 

ELEMENTS 

MINOR 

ELEMENTS 

SUGGESTED 

PIGMENTS 

LAYER 

DESCRIPTION 

UV 

FLUORESCENCE 

1 (0101) 

Dark blue/blackened 

impasto left edge of 

leftmost figure's 

dress in upper left 

corner 

Dark blue-black Co, Pb 
Zn, Fe, Cr, Ca, Al, 

Si, P, Cd 

cobalt blue; lead 

white; ultramarine; 

zinc white; 

earth/Mars colours; 

Prussian blue; 

cadmium yellow; 

ivory/bone black; 

chalk; gypsum 

White ground, a mix 

of colours (green, 

white, violet and 

yellow), top layer is 

blue. The blue is 

undiluted, uneven 

gloss, semi-matte, 

opaque 

Uneven greenish 

fluorescence 

2 (0102) 

Interior unaltered(?) 

blue outline of dress 

from S1 (leftmost 

side of leftmost 

figure), slightly 

above S1 

Bright blue Pb, Co 
Zn, Fe, Mn, Ca, Cr, 

Al, P, Si, Cu? 

lead white; cobalt 

blue; earth/Mars 

colours; Prussian 

blue; ivory/bone 

black; chalk; gypsum 

White ground, a mix 

of colours (green, 

white, violet and 

yellow), top layer is 

blue. The blue is 

undiluted, matte, 

opaque 

Bright blue 

fluorescence 

3 (0103) 

Dark blue/blackened 

impasto area 

adjacent to S1 

Dark blue-black Co, Pb 
Zn, Fe, Ca, P, Cu, 

Al, Si, Cr?, Mn? 

cobalt blue; lead 

white; ultramarine; 

zinc white; 

earth/Mars colours; 

Prussian blue; 

ivory/bone black; 

chalk; gypsum; 

copper? 

White ground, a mix 

of colours (green, 

white, violet and 

yellow), top layer is 

blue. The blue is 

undiluted, uneven 

gloss, semi-matte, 

opaque 

Uneven greenish 

fluorescence 

4 (0201) 

Light blue (whitish 

surface 

phenomenon?) 

impasto area on 

outline of figure in 

upper left 

Pale/whitish blue Co, Pb 
Zn, Fe, Ca, P, Cr, 

Cu, Al, Si, Mn?, Hg? 

cobalt blue; lead 

white; ultramarine; 

Prussian blue; zinc 

white; ivory/bone 

black; earth/Mars 

colours; vermillion?; 

chalk; gypsum 

White ground, a mix 

of colours (blues and 

white). The blue area 

is undiluted, matte, 

opaque 

Dull, blue 

fluorescence 

5 (0202) 
Darker grey-blue to 

bottom left of S4 
Dark grey-blue Co, Pb 

Zn, Fe, Ca, Cr, P, Al, 

Si, Mn, Cd, Hg?, 

Cu? 

cobalt blue; lead 

white; ultramarine; 

Prussian blue; zinc 

white; ivory/bone 

black; earth/Mars 

colours; vermillion?; 

chalk; gypsum; 

White ground, a mix 

of colours (blues and 

white). The blue area 

is undiluted, matte, 

opaque 

Dull, blue 

fluorescence 



 

NR. 

AREA OF 

ANALYSIS COLOUR 

MAJOR 

ELEMENTS 

MINOR 

ELEMENTS 

SUGGESTED 

PIGMENTS 

LAYER 

DESCRIPTION 

UV 

FLUORESCENCE 

cadmium yellow? 

6 (0301) 

Spotted  blue-black-

grey area (glossy ) 

on left arm of left 

central figure 

Dark blue with 

lighter blue spots 
Pb  

Fe, Zn, Cu, Ca, Cd, 

Si, P, Hg, Al 

lead white; Prussian 

blue; zinc white; 

ivory/bone black; 

vermillion; chalk; 

gypsum; cadmium 

yellow; copper 

blues/greens; 

ultramarine 

White ground, mix 

of colours (violet, 

blues, red, white). 

The blue area is 

thinly applied, 

probably undiluted, 

matte and opaque 

None 

7 (0401) 

Bright blue impasto 

thin stroke on lower 

torso of left central 

figure 

Bright blue Pb  
Fe, Zn, Ca, Cu, Si, 

Hg, Cd, Al, Ba/Ti? 

lead white; Prussian 

blue; zinc white; 

vermillion; chalk; 

gypsum; cadmium 

yellow; copper 

blues/greens; 

ultramarine 

White ground, mix 

of colours (blue, 

white, violet, red-

brown). The blue 

area is undiluted, 

matte and opaque 

None 

8 (0402) 

Blue-black impasto 

stroke in lower torso 

against dark area 

Blackish Pb  

Fe, Zn, Cd, Cu, Hg, 

Cr, Si, Al, Ti/Ba?, 

Sr? 

lead white; Prussian 

blue; zinc white; 

vermillion; chalk; 

gypsum; cadmium 

yellow; earth/Mars 

colours; copper 

blues/greens; 

ultramarine 

White ground, mix 

of colours (blue, 

white, violet, red-

brown). The blue 

area is undiluted, 

matte and opaque 

Bright blue 

fluorescence 

9 (0501) 

Dark brushstroke, 

slightly impasto, in 

right side of lower 

torso of left central 

figure 

Dark (red or blue 

black?) 
Pb, Cd, Fe 

Zn, Cr, P, Ca, Al, Si, 

Cu, Ni 

lead white; Prussian 

blue; cadmium 

yellow; zinc white; 

gypsum; chalk; 

earth/Mars colours; 

ivory/bone black; 

ultramarine; copper 

blues/greens 

White ground. Blue 

and pink paint 

underneath the dark 

impasto paint stroke, 

which is undiluted, 

glossy and opaque 

Light greenish/grey 

fluorescence 

10 (0601) 

Patchy grey-blue 

area on left elbow of 

left central figure 

Grey, white, pale 

blue with dark areas 
Pb, Co 

Fe, Zn, Ca, P, Si, Al, 

Mn, Cr, Cd, Cu, Hg 

lead white; cobalt 

blue; Prussian blue; 

ultramarine; zinc 

white; chalk; 

gypsum; ivory/bone 

black; earth/Mars 

colours; cadmium 

yellow; vermillion; 

copper blues/greens 

White ground, mix 

of colours (violet, 

white, yellow and 

blue). The blue paint 

on top is undiluted, 

matte, the darker 

areas are has more of 

a slight gloss and is 

opaque 

The lighter coloured 

areas is bright blue 

under UV and the 

darker areas has a 

greenish 

fluorescence 



 

NR. 

AREA OF 

ANALYSIS COLOUR 

MAJOR 

ELEMENTS 

MINOR 

ELEMENTS 

SUGGESTED 

PIGMENTS 

LAYER 

DESCRIPTION 

UV 

FLUORESCENCE 

11 (0701) 

Bright blue impasto 

stroke on right 

outside outline of left 

central figure’s leg 

Bright blue Pb, Co, Cd 
Hg, Fe, Zn, Ca, Al, 

P, Mn, Cr, Cu, Si 

lead white; cobalt 

blue; cadmium 

yellow; vermillion; 

Prussian blue; zinc 

white; chalk; 

gypsum; ivory/bone 

black; copper 

greens/blues 

White ground, mix 

of colours (blue, 

ochre, violet). Blue 

paint is undiluted, 

matte, opaque 

Bright blue in the 

more thinly painted 

area, dark blue on 

the ridge of the 

impasto 

12 (0702) 

Bright blue impasto 

strong on right 

exterior edge near 

waist of left central 

figure 

Bright blue Pb, Co 
Fe, Mn, Zn, Cr, Ca, 

Al, P, Cd, Cu? 

lead white; cobalt 

blue; Prussian blue; 

zinc white; chalk; 

gypsum; ivory/bone 

black; earth/Mars 

colours; cadmium 

yellow; copper 

blues/greens 

White ground, mix 

of colours (blue, 

ochre, violet). Blue 

paint is undiluted, 

matte, opaque 

Bright blue 

13 (0703) 

Mixed light blue and 

dark blue impasto 

stroke on right 

exterior outline of 

right side of left 

central figure 

Wavy dark 

blue/black on bright 

blue 

Pb, Co, Cd 
Hg, Fe, Mn, Zn, Cr, 

Ca, Al, P, Si 

lead white; cobalt 

blue; cadmium 

yellow; Prussian 

blue ;vermillion; 

zinc white; 

earth/Mars colours; 

chalk; gypsum; 

ivory/bone black 

White ground, mix 

of colours (blue, 

ochre, violet and 

white). Blue paint is 

undiluted, matte, 

opaque 

Greenish 

fluorescence 

14 (0801) 

Mixed light blue 

with wavy dark 

stroke, impasto on 

left edge of left leg 

above knee (left 

central figure) (#113) 

Wavy dark 

blue/black on bright 

blue 
Pb 

Zn, Fe, Co, Ca, Si, 

Al, Hg, Cd, Cr, P, 

Cu? 

lead white; cobalt 

and/or Prussian 

blue; vermillion; 

zinc white; cadmium 

yellow; earth/Mars 

colours; chalk; 

gypsum; ivory/bone 

black?; copper 

blues/greens? 

White ground, mix 

of colours (white, 

violet, blue, brown). 

The blue paint on top 

is undiluted, matte 

and opaque 

Bright blue 

15 (0802) 

Mixed light blue 

with wavy dark 

stroke in middle, 

impasto on left edge 

of left leg (portion 

beneath knee) on left 

central figure 

Wavy dark 

blue/black on bright 

blue 

Pb, Cd, Co 

Fe, Hg, Ca, Cr, Al, 

Si, P, Zn, Fe?, Cu?, 

Ni? 

lead white; 

cadmium yellow; 

cobalt blue; Prussian 

blue; vermillion; 

chalk; gypsum; 

ultramarine; 

ivory/bone black; 

earth/Mars colour 

White ground, mix 

of colours (violet, 

blue, ochre, brown, 

white, traces of 

yellow). The blue 

paint on top is 

undiluted, matte and 

opaque 

Greenish 

fluorescence in dark 

patched areas 



 

NR. 

AREA OF 

ANALYSIS COLOUR 

MAJOR 

ELEMENTS 

MINOR 

ELEMENTS 

SUGGESTED 

PIGMENTS 

LAYER 

DESCRIPTION 

UV 

FLUORESCENCE 

16 (0901) 

Thick impasto grey-

blue spot with 

darkened ring in 

man's eye (carrying 

drowned boy) 

Blue-grey and dark 

blue 
Co, Pb 

Zn, Hg, Cd, Fe, Al, 

P, Si, Cr?, Mn (sum 

peak?), Cu? 

cobalt blue; lead 

white; Prussian 

blue; vermillion; 

zinc white; cadmium 

yellow; earth/Mars 

colours; ivory/bone 

black 

White ground, mix 

of colours (green, 

white, red). The blue 

paint on top is 

undiluted, matte and 

opaque. Dirt 

Grey, green in dark 

patches 

17 (1001) 

Thick impasto grey-

blue spot against 

face of figure on 

right side of group in 

background 

Blue-grey and dark 

blue around edges 
Co, Pb 

Cd, Zn, Fe, Ca, Al, 

Si, P, Cr, As, Cu, 

Ba/Ti?, Mn? 

cobalt blue; lead 

white; Prussian 

blue; ultramarine; 

cadmium yellow; 

zinc white; 

earth/Mars colours; 

ivory/bone black; 

chalk; gypsum 

White ground, mix 

of colours (white, 

yellow, red). The 

blue on top is 

undiluted, matte and 

opaque. Dirt 

Greenish 

fluorescence in dark 

patched areas, bright 

blue in the brighter 

blue/matte areas 

18 (1101) Canvas   Pb Zn, Ca, Ba, Fe, Sr 

lead white; zinc 

white; chalk; 

gypsum; barium 

sulphate 

Canvas and white 

ground 
None 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

Appendix 14. MM.M.559 S 1 OM and SEM-EDX (FERMiO, University of Oslo) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Optical photomicrographs of cross section 

of S 1 (MM.M.559), 125 × magnification.  

 

 
 
 

 

Element Wt% At% 
 AlK 41.76 53.54 
 SiK 05.95 07.33 
  PK 14.87 16.60 
 CaK 02.01 01.74 
 CoK 35.41 20.79 
Matrix Correction ZAF 
  

Fig. 2. a) and b) SEM micrographs of S 1 (MM.M.559), revealing thin fissures running through the sample. 

c) spectrum of S 1 (MM.M.559). 

a) 

b) 

c) 



 

 

MM.M.559 S 3 OM and SEM- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Fig. 3 Optical photomicrographs of cross section of S 3 125 × 

magnification.  

 

Element Wt% At% 
 AlK 46.85 59.83 
 SiK 02.38 02.92 
  PK 13.29 14.79 
 CaK 01.99 01.71 
 CoK 35.49 20.75 
Matrix Correction ZAF 
 

Fig. 4 SEM micrograph S 3, showing the characteristic feature of fissures and 

cracks running through the bulk of cobalt blue paint sample.  



 

Appendix 15. MM.M.559 S 3 EDX elemental mapping  

 

 

 Elemental mapping of S 3 (MM.M.559). The grains in the sample consists of Si, indicative of silica added to the paint as a filler.  



 

Appendix 16. MM.M.559 pXRF measurements spot1-18 (MUM) 

 

 
 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 
 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

  



 

Appendix 17. Paint tube analysis: IR-spectra (MUM) 

 

 

Cobaltblau, Lusk & Holtz (LHB 1.1) 

 

 

 

 

  

Attribution

- ? -

Oil

Oil

Oil

Oil

Oil

Gum

Metal Soap

Oil/Gum

Oil/Gum

Oil/Gum

Oil/Gum

Oil

Sulfate

Gum

Gum

Oil

Sulfate

Sulfate

Gum

Sulfate

Sulfate



 

 

 

Cobalt blue, Winsor & Newton (WNB 1.1) 

 

 

 

  

Attribution

- ? -

Oil/Resin

Oil/Resin

Oil

Resin

Metal Soap

Metal Soap

Oil/Resin

Oil/Resin

Carbonate

Oil/Resin

- ? -

Oil/Resin

Oil/Resin

Oil/Resin

Resin

Oil

- ? -

Carbonate

Oil/Resin

Cobalt blue 

- ? -



 

 

 

Ultramarin (dark), Mussini Schmincke (MOB 2.1) 

 

 

 

 

 

  

Attribution

- ? -

Resin/Wax

Resin/Wax

Wax

Resin

Resin/Sulfate

- ? -

Resin/Wax

- ? -

Resin/Wax

Resin

Resin/Wax

Resin/Sulfate

Resin

Ultramarine

Resin

Resin

Resin/Wax

Sulfate

Sulfate

- ? -

- ? -



 

 

 

Outremer (dark), Lefranc (LFB 2.1) 

 

 

 

 

  

Attribution

- ? -

Oil/Glue

Oil/Glue

Oil

Resin

Protein (Glue?)

Protein (Glue?)

Alizarin

Alizarin

Oil/Glue

Alizarin

Alizarin

Alizarin

Alizarin

Oil

Alizarin

Alizarin

Alizarin

Alizarin

Alizarin

Alizarin

Alizarin -



 

 

 

Deep ultramarine blue, Winsor & Newton (WNB 6.1) 

 

 

 

 

 

 

 

  

Attribution

- ? -

Oil

Oil

Oil

Oil

Sulfate

Oil

Oil

Oil

Oil

Oil

Sulfate

Ultramarine

Oil

Oil

Oil

Ultramarine

Ultramarin/Sulfate

Ultramarin/Sulfate

- ? -



 

 

 

Krapplack no.6, Mussini Schmincke (MOR.1.1) 

 

 

 

 

 

  

Peak position (cm-1)   Group vibration Attribution

3392 OH Stretching - ? -

3010 C=C Stretching Oil

2924 CH Stretching Oil/Resin

2853 CH Stretching Oil/Resin

1736 C=O Stretching Oil

1712 C=O Stretching Resin

1636 -?-/OH Bending Alizarin/Resin

1588 COO- Stretching Metal Soap

1527 =C-H out-of-plane bending Alizarin

1465 CH Bending Alizarin/Resin/Oil

1415 CO 3 Stretching Carbonate

1377 CH Bending Oil/Resin

1362 C-C asymmetric stretching Alizarin

1349 C-H in-plane deformation Alizarin

1288 - ? - Alizarin

1269 C-C symmetric stretching Alizarin

1243 C-O Stretching Oil

1163 C-O Stretching Oil/Resin

1091 SO4 Stretching Sulfate

1061 PO4 Stretching Phosphate

981 PO4 Stretching Phosphate

876 C-O Stretching Carbonate

839 - ? - Alizarin

769 - ? - Alizarin/Resin/Oil

720 C-C Stretching Alizarin/Resin/Oil

669 SO4 antisymmetric bending Sulfate

613 SO4 antisymmetric bending Sulfate

551 - ? - Alizarin

525 - ? - Resin

467 - ? - Alizarin/Silicate



 

 

 

Laque de garance (pale), Ambor (AMR 7.1) 

 

 

 

 

 

 

 

 

 

 

 

 

  

Peak position (cm-1)   Group vibration Attribution

3392 OH Stretching - ? -

2925 CH Stretching Oil/Resin

2854 CH Stretching Oil/Resin

1734 C=O Stretching Oil

1709 C=O Stretching Resin

1578 COO- Stretching Metal Soap

1464 CH Bending Oil/Resin

1413 CO 3 Stretching Carbonate

1377 CH Bending Oil/Resin

1250 (Shoulder) CH Bending Oil/Resin

1162 C-O Stretching Oil/Resin

1081 SO4 Stretching Sulfate

985 PO4 Stretching Phosphate

939 - ? - Resin

912 - ? - Resin

878 C-O Stretching Carbonate

780 CH-Bending Resin

728 C-C Stretching Oil/Resin

596 - ? - Resin

509 - ? - Resin



 

 

 

Laque de garance foncée (dark), Ambor (AMR 8.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Peak position (cm-1)   Group vibration Attribution

3420 OH Stretching - ? -

2925 CH Stretching Oil/Resin

2855 CH Stretching Oil/Resin

1732 C=O Stretching Oil

1709 C=O Stretching Resin

1622 OH Bending Resin

1458 CH Bending Oil/Resin

1414 CO 3 Stretching Carbonate

1377 CH Bending Oil/Resin

1241 C-O Stretching Oil/Resin

1170 C-O Stretching Oil/Resin

1096 SO4 Stretching Sulfate

1056 PO4 Stretching Phosphate

975 - ? - Oil/Resin

879 (Shoulder) C-O Stretching Carbonate

779 CH-Bending Resin

724 C-C Stretching Oil/Resin

598 SO4 antisymmetric bending Sulfate

525 - ? - Resin

486 - ? - - ? -



 

 

 

Laque de garance foncée (dark), Lefranc (LFR 1.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

LFR 1.1

Peak position (cm-1)   Group vibration Attribution

3394 OH Stretching - ? -

3012 C=C Stretching Oil

2925 CH Stretching Oil/Resin

2854 CH Stretching Oil/Resin

1732 C=O Stretching Oil

1709 C=O Stretching Resin

1630 -?-/OH Bending Alizarin/Sulfate/Resin

1592 C=C stretching Alizarin

1463 CH Bending Alizarin/Resin/Oil

1413 CH Bending Oil/Resin

1378 CH Bending Oil/Resin

1277 - ? - Alizarin/Resin

1248 C-O Stretching Oil/Resin

1163 C-O Stretching Oil/Resin

1081 SO4 Stretching Sulfate

1058 PO4 Stretching Phosphate

974 - ? - Alizarin/Resin

839 - ? - Alizarin

723 C-C Stretching Alizarin/Resin/Oil

619 SO4 antisymmetric bending Sulfate

532 - ? - Alizarin

461 - ? - Alizarin



 

 

 

Carmin, Lusk & Holtz (LHR 1.1) 

 

 

 

 

 

Peak position (cm-1)   Group vibration Attribution

3386 OH Stretching - ? -

3014 C=C Stretching Oil

2924 CH Stretching Alizarin/Oil

2854 CH Stretching Alizarin/Oil

1740 C=O Stretching Oil

1637 -?- Alizarin

1588 C=C stretching Alizarin

1527 =C-H out-of-plane bending Alizarin

1465 CH Bending Alizarin/Oil

1417 CO 3 Stretching Carbonate

1361 CH Bending Oil

1348 C-C asymmetric stretching Alizarin

1329 - ? - Oil

1288 - ? - Alizarin

1269 C-C symmetric stretching Alizarin

1244 C-O Stretching Oil

1196 - ? - Alizarin

1153 C-O Stretching Oil

1096 SO4 Stretching Sulfate

1068 (Shoulder) - ? - Oil

1045 C-C out-of-plane bending/PO4 Stretching Alizarin/Phosphate

1022 C-C stretching Alizarin

972 - ? - Oil

903 - ? - Alizarin

871 C-O Stretching Carbonate

839 - ? - Alizarin

769 C-C Bending Alizarin

719 C-C Stretching Alizarin/Oil

669 =C-H out-of-plane deformation Alizarin

654 -?-/SO4 antisymmetric bending Alizarin/Sulfate

610 -?-/SO4 antisymmetric bending Alizarin/Sulfate

584 - ? - - ? -

555 - ? - Alizarin

470 - ? - Alizarin

419 - ? - Alizarin



 

Appendix 18. Paint tubes: pXRF measurments (MUM) 

 

LHB 1.1 

 

 

 

 



 

 

 

WNB 1.1 

 

 

 

 



 

 

 

MOB 2.1 

 

 

 

 



 

 

 

LFB 2.1 

 

 

 

 



 

 

 

WNB 6.1 

 

 

 

 



 

 

 

MOR 1.1 

 

 

 

 



 

 

 

AMR 7.1 

 

 

 

 



 

 

 

AMR 8.1 

 

 

 

 



 

 

 

LFR 1.1 

 

 

 

 



 

 

 

LHR 1.1 



 

Appendix 19. Paint tubes: GC/MS chromatograms (Getty Conservation Institute, GCI, 

Los Angeles 

Cobaltblau, Lusk & Holtz (LHB 1.1) 

 

  



 

 

Cobalt blue, Winsor & Newton (WNB 1.1) 

 

 

  



 

 

Ultramarin (dark), Mussini Schmincke (MOB 2.1) 

 

 

  



 

Outremer (dark), Lefranc (LFB 2.1) 

 

  



 

Deep ultramarine blue, Winsor & Newton (WNB 6.1) 

 

 

  



 

Krapplack no. 6, Mussini Schmincke (MOR 1.1) 

 



 

Laq. de garance (pale), Ambor (AMR 7.1) 

 

  



 

Laq. de garance foncée, Ambor (AMR 8.1) 

 



 

Laq. de garance foncée, Lefranc (LFR 1.1) 

 



 

Carmin, Lusk & Holtz (LHR 1.1) 

 


